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HETEROARYLS AND USES THEREOF 

BACKGROUND OF THE INVENTION 

Phosphatidylinositol 3-kinase (PI3K) is a family of lipid 
kinases that phosphorylate phosphatidylinositol at the 3' posi 
tion of the inositol ring. PI3K is comprised of several classes 
of genes, including Class IA, IB, II and III and some of these 
classes contain several isoforms (reviewed in Engelman et al., 
Nature Review Genetics 7:606–619 (2006)). Adding to the 
complexity of this family is the fact that PI3Ks function as 
heterodimers, comprising a catalytic domain and a regulatory 
domain. The PI3K family is structurally related to a larger 
group of lipid and serine/threonine protein kinases known as 
the phosphatidylinositol 3-kinase like kinases (PIKKs), 
which also includes DNA-PK, ATM, ATR, mTOR, TRRAP 
and SMG1. 

PI3K is activated downstream of various mitogenic signals 
mediated through receptor tyrosine kinases, and Subse 
quently stimulates a variety of biological outcomes; includ 
ing increased cell Survival, cell cycle progression, cell 
growth, cell metabolism, cell migration and angiogenesis 
(reviewed in Cantley, Science 296:1655-57 (2002); Hennessy 
et al., Nature Reviews Drug Discovery 4:988-1004 (2005): 
Engelman et al., Nature Review Genetics 7:606–619 (2006)). 
Thus, PI3K hyper-activation is associated with a number of 
hyper-proliferative, inflammatory, or cardiovascular disor 
ders; including cancer, inflammation, and cardiovascular dis 
CaSC. 

There are a number of genetic aberrations that lead to 
constitutive PI3K signaling; including activating mutations in 
PI3K itself (Hennessy et al., Nature Reviews Drug Discovery 
4:988-1004 (2005); reviewed in Bader et al., Nature Reviews 
Cancer 5:921-9 (2005)); RAS (reviewed in Downward 
Nature Reviews Cancer 3:11-22 (2003)) and upstream recep 
tor tyrosine kinases (reviewed in Zwick et al., Trends in 
Molecular Medicine 8:17-23 (2002)) as well as inactivating 
mutations in the tumor suppressor PTEN (reviewed in Cully 
et al., Nature Reviews Cancer 6:184-92 (2006)). Mutations in 
each of these gene classes have proven to be oncogenic and 
are commonly found in a variety of cancers. 
The molecules defined within this invention inhibit the 

activity of PI3K, and therefore may be useful for the treatment 
of proliferative, inflammatory, or cardiovascular disorders. 
Cases where PI3K pathway mutations have been linked to 
proliferative disorders where the molecules defined within 
this invention may have a therapeutic benefit include benign 
and malignant tumors and cancers from diverse lineage, 
including but not limited to those derived from colon (Sam 
uels et al., Science 304:554 (2004); reviewed in Karakaset al., 
British Journal of Cancer 94:455-59 (2006)), liver (reviewed 
in Karakas et al., British Journal of Cancer 94: 455-59 
(2006)), intestine (reviewed in Hennessy et al., Nature 
Reviews Drug Discovery 4:988-1004 (2005)), stomach 
(Samuels et al., Science 304:554 (2004); reviewed in Karakas 
et al., British Journal of Cancer 94: 455-59 (2006)), esopha 
gus (Phillips et al., International Journal of Cancer 
118:2644-6 (2006)); pancreas (reviewed in Downward 
Nature Reviews Cancer 3:11-22 (2003)); skin (reviewed in 
Hennessy et al., Nature Reviews Drug Discovery 4:988-1004 
(2005)), prostate (reviewed in Hennessy et al., Nature 
Reviews Drug Discovery 4: 988-1004 (2005)), lung (Samuels 
et al., Science 304:554 (2004); reviewed in Karakas et al., 
British Journal of Cancer 94:455-59 (2006)), breast (Samuels 
et al., Science 304:554 (2004); Isakoff et al., Can Res 
65:10992-1000 (2005); reviewed in Karakas et al., British 
Journal of Cancer 94:455-59 (2006)), endometrium (Oda et 
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2 
al., Can Res 65:10669-73 (2005); reviewed in Hennessy et al., 
Nature Reviews Drug Discovery 4:988-1004 (2005)), cervix 
(reviewed in Hennessy et al., Nature Reviews Drug Discov 
ery 4:988-1004 (2005)); ovary (Shayesteh et al., Nature 
Genetics 21:99-102 (1999); reviewed in Karakas et al., Brit 
ish Journal of Cancer 94:455-59 (2006)), testes (Moulet al., 
Genes Chromosomes Cancer 5:109-18 (1992); DiVizio et al., 
Oncogene 24:1882-94 (2005)), hematological cells (re 
viewed in Karakas et al., British Journal of Cancer 94:455-59 
(2006); Hennessy et al., Nature Reviews Drug Discovery 
4:988-1004 (2005)), pancreas (reviewed in Downward 
Nature Reviews Cancer 3:11-22 (2003)), thyroid (reviewed in 
Downward Nature Reviews Cancer 3:11-22 (2003); reviewed 
in Hennessy et al., Nature Reviews Drug Discovery 4: 988 
1004 (2005)); brain (Samuels et al., Science 304:554 (2004); 
reviewed in Karakas et al., British Journal of Cancer 94: 
455-59 (2006)), bladder (Lopez-Knowles et al., Cancer 
Research 66:7401-7404 (2006); Hennessy et al., Nature 
Reviews Drug Discovery 4:988-1004 (2005)): kidney (re 
viewed in Downward Nature Reviews Cancer 3:11-22 
(2003)) and Head and Neck (reviewed in Engelman et al., 
Nature Reviews Genetics 7:606–619 (2006)). 

Other classes of disorders with aberrant PI3K pathway 
signaling where the molecules defined within this invention 
may have a therapeutic benefit include inflammatory and 
cardiovascular diseases, including but not limited to allergies/ 
anaphylaxis (reviewed in Rommel et al., Nature Reviews 
Immunology 7:191-201 (2007)), acute and chronic inflam 
mation (reviewed in Ruckle et al., Nature Reviews Drug 
Discovery 5:903-12 (2006): reviewed in Rommel et al., 
Nature Reviews Immunology 7:191-201 (2007)), rheumatoid 
arthritis (reviewed in Rommel et al., Nature Reviews Immu 
nology 7:191-201 (2007)); autoimmunity disorders (re 
viewed in Ruckle et al., Nature Reviews Drug Discovery 
5:903-12 (2006)), thrombosis (Jackson et al., Nature Medi 
cine 11:507-14 (2005); reviewed in Ruckle et al., Nature 
Reviews Drug Discovery 5:903-12 (2006)), hypertension (re 
viewed in Ruckle et al., Nature Reviews Drug Discovery 
5:903-12 (2006)), cardiac hypertrophy (reviewed in Proud et 
al., Cardiovascular Research 63:403-13 (2004)), and heart 
failure (reviewed in Mocanu et al., British Journal of Phar 
macology 150:833-8 (2007)). 

Vacuolar Protein Sorting 34 (VPS34) is the sole Class III 
PI3K family member. VPS34 functions in the formation and 
trafficking of multiple intracellular vesicles, including vacu 
oles, endosomes, multives.sicular bodies, lysosomes and 
autophagosomes (reviewed in Backer Biochem J 2008; Yan 
and Backer Biochem J2007). VPS34 carries out these activi 
ties by phosphorylating PtdInsforming PtdIns3P resulting in 
the recruitment and localization of a variety of FYVE and PX 
domain containing effector proteins that facilitate vesicular 
formation, elongation and movement. At a cellular level, inhi 
bition of VPS34 results in defects in protein sorting and 
autophagy. Broadly defined, autophagy is a regulated process 
whereby cells catabolize subcellular components targeted for 
degradation by enclosing them in double-membrane vesicles 
which then fuse with lysosomes. Autophagy has been best 
characterized as occurring during times of nutrient depriva 
tion, but also plays a role in normal cellular and tissue homeo 
Stasis and functions, including the development of multiple 
tissue types, the immune response, clearance of neuronal 
aggregates and tumor Suppression. In addition to functioning 
in vesicle formation and movement, VPS34 may also partici 
pate in several signal transduction pathways (reviewed in 
Backer Biochem J 2008). Given that VPS34 plays an impor 
tant role in many critical cellular processes including autoph 
agy, inhibitors of VPS34 may have therapeutic application in 
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a number of diseases, including but not limited to cancer, 
muscular disorders, neurodegeneration, inflammatory dis 
ease, infectious disease and other age related illnesses (re 
viewed in Shintani and Klionshy Science 2004: Kondo et al 
Nat Rev Cancer 2005; Delgato et al Immunol Rev 2009). 

Clearly, it would be beneficial to provide novel PI3K 
inhibitors that possess good therapeutic properties, especially 
for the treatment of proliferative, inflammatory, or cardiovas 
cular disorders. 

1. General Description of Compounds of the Invention: 
This invention provides compounds that are inhibitors of 

PI3K, and accordingly are useful for the treatment of prolif 
erative, inflammatory, or cardiovascular disorders. The com 
pounds of this invention are represented by formula IA or IB: 

IA 
(R), 

IB 

or a pharmaceutically acceptable salt thereof, wherein: 
R" is CY, C(O)N(R), C(O)OR, C(O)(NH)OH, 

NH, -C(=N)N(R), wherein: 
CY is an optionally substituted group selected from: 

X OG); se 
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4 
-continued 

Xssey II: 
X11, 2 X9 a1 

Xo 

wherein: 
G is N=, —N, or - N(R), wherein: 
each occurrence of RandR is independently hydrogen or 

an optionally substituted Caliphatic, wherein: 
X, X, and Xs, are each independently N, NR, O, S, or 
CR, provided that only one of X, X, or X may be O. 
S, or NR; 

Xs, Xs, Xio, and X are each independently N, or CR. 
provided no more than two occurrences of Xs, X, Xo, 
and X are N: 

each occurrence of R is independently hydrogen, —CN, 
halogen, – Z R', or an optionally 

Substituted group selected from Caliphatic, or 3-10 
membered cycloaliphatic, 

wherein: 
Z is selected from an optionally substituted C- alky 

lene chain, -O-, - N(R') , —S , S(O) , 
S(O) , —C(O) , —CO. , —C(O)NR' , 
N(R)C(O) , N(R)CO, , —S(O), 

NR* , N(R)S(O), OC(O)N(R') , 
N(R')C(O)NR' N(R')S(O)N(R') , or 

—OC(O)—; 
R" is hydrogen or an optionally substituted Cali 

phatic, and 
R is hydrogen or an optionally substituted group 

selected from Caliphatic, 
3-10-membered cycloaliphatic, 4-10-membered heterocy 

clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered aryl, 
or 5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
or wherein two adjacent occurrences of R or R', taken 

together with the atom to which they are bound, form 
an optionally substituted fused group selected from 
5-6-membered aryl, or 5-6-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 

Yo is —OR' or - N(R): 
Y is O or N R: 
each occurrence of R is independently hydrogen or an 

optionally Substituted Caliphatic; 
Ring A is a group selected from 3-10-membered 

cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R is independently —R'', -T-R'', 
or —V-T-R'', and: 

each occurrence of R' is independently halogen, —CN, 
—NO, R12, N(R'2), OR 12, SR 12c, 
S(O).R, C(O)R'', C(O)OR'', C(O)N 

(R'2), S(O)N(R'2), OC(O)N(R'2), N(R'2) 
C(O)R2, N(R'2)SOR3, N(R'2)C(O)OR2, 
N(R')C(O)N(R') or N(R')SON(R'), or 

two occurrences of R'', taken together with a nitrogen 
atom to which they are bound, form an optionally Sub 
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stituted 4-7-membered heterocyclyl ring having 0-1 
additional heteroatoms selected from nitrogen, oxygen, 
or sulfur, 
each occurrence of R'' is independently hydrogen oran 

optionally Substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently an optionally 
substituted group selected from C-Caliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocy 
clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered 
aryl, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R'' is independently hydrogen oran 
optionally substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10 
membered heteroaryl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen oran 
optionally substituted Caliphatic group; 

each occurrence of V is independently —N(R') , 
O— —S , —S(O)— —S(O) , —C(O)—, 
C(O)O C(O)N(R') , S(O)N(R') , 
OC(O)N(R') N(R')C(O) N(R') 

SO. , N(R'2)C(O)C , N(R'2)C(O)N 
(R') , N(R') OC(O) , or C(O)N 
(R') O-; and 

T is an optionally Substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted by 

N(R')S(O)N(R') , OC(O) , or C(O)N(R)- 
O— or wherein T or a portion thereof optionally forms part 
of an optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring, wherein R' is hydrogen or an optionally 
Substituted C-Caliphatic group; 

n is 0 to 4: 
W is selected from C(R) , —C(=C(R).) , 

—C(R)-O , C(R7)NR' , N(R7) , —S , 
S(O) , S(O) , C(O) , C(O)NR' , O 

-N(R')C(O)—, wherein: 
each occurrence of R is independently hydrogen, or an 

optionally Substituted group selected from C- ali 
phatic, 6-10-membered aryl, 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or sulfur, N(R') —OR', 
—SR', halo, or - CN: 

each occurrence of R" is independently hydrogen or 
optionally Substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, —C(O)R’, or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, forman 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
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6 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

or wherein any two occurrences of R'' and R, or R'' and 
R taken together with the nitrogen atom to which they 
are bound, forman optionally substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroat 
oms independently selected from nitrogen, oxygen, or 
sulfur, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

G is Nor-CR, wherein R is H. —CN, halogen, -Z-R, 
Caliphatic, or 3-10-membered cycloaliphatic, wherein: 
Z is selected from an optionally Substituted C- alkylene 

R" is hydrogen or an optionally substituted Cali 
phatic, and 

R is hydrogen or an optionally substituted group selected 
from C aliphatic, 3-10-membered cycloaliphatic, 
4-10-membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, and HY is an optionally Substi 
tuted group selected from: 
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-continued 

Y-s/ 
9. 

wherein each occurrence of X, Xs, X, and X, is indepen 
dently —CR' or N, provided no more than two occurrences 
of X, Xs, X, and X, are N: 

each occurrence of Q and Q is independently S, O or 
NR; 
each occurrence ofY, YYYYYY.Ys, and Y is 

independently —CR' or N, provided no more than two 
occurrences of Y.Y., Ys, and Yo are N: 

or wherein two adjacent occurrences of X and Xs, X and 
X, Y and Q, Y and Q, or Y and Ys taken together 
with the atom to which they are bound, form an option 
ally substituted fused group selected from 5-6-mem 
bered aryl, or 5-6-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, 
oxygen, or Sulfur, 

wherein R' is R', V R', -T-R'', or V-T- 
R' wherein: 

NR''O-, -SO , or -SONR''—; 
each occurrence of R' is independently hydrogen or an 

optionally Substituted group selected from C- ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

T is an optionally Substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted by 

N(R')SO. , N(R)C(O)O NR'C(O)N 
(R') , N(R')S(O)N(R') , OC(O) , or 
—C(O)N(R') O— or wherein T forms part of an 
optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring; 

each occurrence of R' is independently hydrogen, halo 
gen, —CN, NO, N(R') —OR', S(O).R', 
C(O)R', C(O)OR'', C(O)N(R'), S(O), 

N(R'). OC(O)N(R'), N(R')C(O)R'', 
N(R')SOR, N(R')C(O)OR, N(R')C 

(O)N(R'), or - N(R')SON(R'), or an optionally 
Substituted group selected from Caliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen or an 
optionally Substituted group selected from C- ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
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8 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, or 

R" and R' taken together with a nitrogenatom to which 
they are bound forman optionally substituted 4-7-mem 
bered heterocyclyl ring having 0-1 additional heteroat 
oms independently selected from nitrogen, oxygen, or 
Sulfur, 

each occurrence of R' is independently hydrogen, C(O) 
Rila, COR''', C(O)N(R' ''), C(O)N(R') 
OR'', -SOR'', -SON(R'), or an optionally substi 
tuted group selected from Caliphatic, 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

wherein each occurrence of R'" is independently hydro 
gen or an optionally substituted group selected from 
Caliphatic, 3-10-membered cycloaliphatic, 4-10 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R is independently hydrogen, —C(O) 
R, COR, C(O)N(R), SOR, SON(R), 
or an optionally substituted group selected from Cali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered het 
erocyclyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 

wherein each occurrence of R'" is independently hydro 
gen or an optionally substituted group selected from 
Caliphatic, 3-10-membered cycloaliphatic, 4-10 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

wherein each occurrence of R is independently hydrogen 
or an optionally Substituted group selected from C. 
aliphatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 6-10 
membered aryl, or 5-10-membered heteroaryl having 
1-5 heteroatoms independently selected from nitrogen, 
oxygen, or sulfur, or two occurrences of R taken 
together with the nitrogenatom to which they are bound, 
form an optionally substituted group selected from 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

provided that: 
a. when G is N, W is NH, and R' is CONH, then HY is 

other than optionally substituted 4,5,6,7-tetrahydro-4- 
hydrazinylidene-1-H-indolyl. 4,5,6,7-tetrahydro-4-hy 
drazinylidene-1-H-indazolyl, a 4,5,6,7-tetrahydro-4- 
oxo-1H-indazol-1-yl, or a 4,5,6,7-tetrahydro-4-oxo-1H 
indol-1-yl group; and 

b. the compound is other than 4-Oxazolecarboxamide, 
2-(1H-indazol-4-yl)-5-[4-(1-piperazinyl)phenyl 
amino-, 4-Oxazolecarboxamide, 2-(1H-indazol-4-yl)- 
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5-4-4-(2.2.2-trifluoroacetyl)-1-piperazinylphenyl 
amino-, or 4-Oxazolecarboxamide, 2-(1H-indazol-4- 
yl)-5-4-(methylsulfonyl)phenylamino-, 
4-Oxazolecarboxamide, 2-(1H-indazol-4-yl)-5-[4-(1- 
piperazinyl)phenylamino-, 4-Oxazolecarboxamide, 
2-(1H-indazol-4-yl)-5-4-4-4-(2.2.2-trifluoroacetyl)- 
1-piperazinylphenylamino-, or 4-Oxazolecarboxam 
ide, 2-(1H-indazol-4-yl)-5-4-(methylsulfonyl)phenyl 
amino-. 

In another aspect, the compounds of this invention are 
represented by formula IA or IB: 

IA 

G (R), 
W 

G1 

-( ) HY O RI 

IB 

or a pharmaceutically acceptable salt thereof, wherein: 
R" is CY, C(O)N(R), C(O)OR, C(O)(NH)OH, 

NH, -C(=N)N(R), wherein: 
CY is 

X s 
X2: O; 

G-X 

wherein: 
G, is N=, —N, or - N(R), wherein: 
each occurrence of RandR is independently hydrogenor 

an optionally Substituted Caliphatic, wherein: 
X, X, and X, are each independently N. NR, O, S, or 
CR, provided that only one of X, X, or X may be O. 
S, or NR; 
each occurrence of R is independently hydrogen, 
—CN, halogen, -Za-R, or an optionally substituted 
group selected from Caliphatic, or 3-10-membered 
cycloaliphatic, wherein: 

Z is selected from an optionally Substituted C- alky 
lene chain, O—, N(R')— —S , 

R" is hydrogen or an optionally substituted Cali 
phatic, and 
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10 
R is hydrogen or an optionally substituted group 

selected from Caliphatic, 
3-10-membered cycloaliphatic, 4-10-membered heterocy 

clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered aryl, 
or 5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
or wherein two adjacent occurrences of R or R, taken 

together with the atom to which they are bound, form 
an optionally substituted fused group selected from 
5-6-membered aryl, or 5-6-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 

Ring A is a group selected from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R is independently —R'', -T-R'', 
or V-T-R'', and: 

each occurrence of R' is independently halogen, —CN, 
—NO, R12c, N(R'2), OR2 - S(O).R', 
C(O)R’, C(O)OR', C(O)N(R'), S(O), 

N(R'2), OC(O)N(R'2), N(R'2)C(O)R'2, 
N(R'2)SOR2, N(R'2)C(O)OR2, N(R12) 

C(O)N(R''), or N(R')SON(R') or two 
occurrences of R'', taken together with a nitrogenatom 
to which they are bound, form an optionally substituted 
4-7-membered heterocyclyl ring having 0-1 additional 
heteroatoms selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen or an 
optionally substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R' is independently an optionally 
substituted group selected from C-C aliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or sulfur, 6-10-membered aryl, or 5-10-membered 
heteroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally Substituted Caliphatic group; 

each occurrence of V is independently N(R') , 

C(O)N(R') O ; and 
T is an optionally substituted C-C alkylene chain 

wherein the alkylene chain optionally is interrupted by 
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SO. , N(R')C(O)O N(R')C(O)N(R') , 
N(R')S(O)N(R') , OC(O) , or C(O)N(R)- 

O— or wherein T or a portion thereof optionally forms part 
of an optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring, wherein R' is hydrogen or an optionally 
Substituted Caliphatic group; 

n is 0 to 4: 
W is selected from C(R) , —C(=C(R).) , 

—C(R)-O , C(R)NR' , —O—, N(R') , 

- N(R')C(O) , wherein: 
each occurrence of R is independently hydrogen, or an 

optionally Substituted group selected from C- ali 
phatic, 6-10-membered aryl, 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or sulfur, N(R'), - SR", halo, or 
CN: 

each occurrence of R" is independently hydrogen or 
optionally Substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, -C(O)R", or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, forman 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or sulfur, 

or wherein any two occurrences of R7 and R, or R'' and 
R taken together with the nitrogen atom to which they 
are bound, forman optionally substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroat 
oms independently selected from nitrogen, oxygen, or 
sulfur, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

G is Nor-CR, wherein R is H. —CN, halogen, -Z-R, 
Caliphatic, or 3-10-membered cycloaliphatic, wherein: 
Z is selected from an optionally Substituted C- alkylene 

OC(O)N(R) , N(R)C(O)NR' N(R)S 
(O)N(R)-, or - OC(O)–: 
R" is hydrogen or an optionally substituted Cali 

phatic, and 
R is hydrogen or an optionally substituted group selected 

from C- aliphatic, 3-10-membered cycloaliphatic, 
4-10-membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, and HY is an optionally Substi 
tuted group selected from: 
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-continued 

wherein each occurrence of X, Xs, X, and X, is indepen 
dently —CR' or N, provided no more than two occurrences 
of X, Xs, X, and X, are N: 

each occurrence of Q and Q is independently S, O or 
NR; 
each occurrence ofY, YYYYs, Y, Y-7, Ys, and Y is 

independently —CR' or N, provided no more than two 
occurrences of Y.Y., Ys, and Y are N: 

or wherein two adjacent occurrences of X and Xs, X and 
X, Y and Q', Y and 

Q2, orY and Ystaken together with the atom to which they 
are bound, form an optionally substituted fused group 
selected from 5-6-membered aryl, or 5-6-membered het 
eroaryl having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 
wherein R' is R', V R', -T-R'', or V-T- 
R' wherein: 
V is NR'' , NR'' C(O) NR'' C(S) , 

NR'' C(NR'') , NRC(O)ORO , 
NRC(O)NR' NRC(O)SR 10 NRC 

(S)OR'' , NR''C(S)NR'' NR''C(S) 
SR 10a NR 'C(NR 1)OR10 NR 'C(NR 1) 
NR'' NR''S(O) NR''S(O)NR'' , 
—C(O)-, -CO. , —C(O)NR'', C(O)NR''O , 
—SO, , or -SO.NR'' ; 

each occurrence of R" is independently hydrogen or an 
optionally Substituted group selected from C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

T is an optionally substituted C-Calkylene chain 
wherein the alkylene chain optionally is interrupted by 
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N(R')SO, , N(R')C(O) O. , NRC(O)N 
(R') , N(R')S(O)N(R') OC(O) , or 
—C(O)N(R') O— or wherein T forms part of an 
optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring; 

each occurrence of R' is independently hydrogen, halo 
gen, CN, NO, N(R'), OR', SR', 
S(O).R', C(O), C(O)R'', C(O)N 

(R'), S(O)N(R''), OC(O)N(R'), N(R')C 
(O)Rio, N(R')SOR, N(R')C(O)OR'', 
N(R')C(O)N(R'), or N(R')SON(R''), oran 

optionally Substituted group selected from C- ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R' is independently hydrogen or an 
optionally substituted group selected from Caliphatic, 
3-10-membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10-mem 
bered heteroaryl having 1-5 heteroatoms independently 
selected from nitrogen, oxygen, or sulfur, or R'' and R' 
taken together with a nitrogen atom to which they are bound 
form an optionally substituted 4-7-membered heterocyclyl 
ring having 0-1 additional heteroatoms independently 
selected from nitrogen, oxygen, or sulfur, 

each occurrence of R'' is independently hydrogen, C(O) 
R la, COR''', C(O)N(R' '), C(O)N(R') 
OR'', -SOR'', -SON(R'), or an optionally substi 
tuted group selected from Caliphatic, 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

wherein each occurrence of R''' is independently hydro 
gen or an optionally substituted group selected from 
Caliphatic, 3-10-membered cycloaliphatic, 4-10 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R is independently hydrogen, —C(O) 
R, COR, C(O)N(R), SOR, SON(R), 
or an optionally Substituted group selected from Cali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered het 
erocyclyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 

wherein each occurrence of R is independently hydrogen 
or an optionally Substituted group selected from C. 
aliphatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 6-10 
membered aryl, or 5-10-membered heteroaryl having 
1-5 heteroatoms independently selected from nitrogen, 
oxygen, or Sulfur, 

wherein each occurrence of R is independently hydrogen 
or an optionally Substituted group selected from C. 
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14 
aliphatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 6-10 
membered aryl, or 5-10-membered heteroaryl having 
1-5 heteroatoms independently selected from nitrogen, 
oxygen, or sulfur, or two occurrences of R taken 
together with the nitrogenatom to which they are bound, 
form an optionally substituted group selected from 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

provided that: 
a. when G is N, W is NH, and R' is CONH, then HY is 

other than optionally substituted 4,5,6,7-tetrahydro-4- 
hydrazinylidene-1-H-indolyl. 4,5,6,7-tetrahydro-4-hy 
drazinylidene-1-H-indazolyl, a 4,5,6,7-tetrahydro-4- 
oxo-1H-indazol-1-yl, or a 4,5,6,7-tetrahydro-4-oxo-1H 
indol-1-yl group; and 

b. the compound is other than 4-Oxazolecarboxamide, 
2-(1H-indazol-4-yl)-5-[4-(1-piperazinyl)phenyl 
amino-, 4-Oxazolecarboxamide, 2-(1H-indazol-4-yl)- 
5-4-4-(2.2.2-trifluoroacetyl)-1-piperazinylphenyl 
amino-, or 4-Oxazolecarboxamide, 2-(1H-indazol-4- 
yl)-5-4-(methylsulfonyl)phenylamino-, 
4-Oxazolecarboxamide, 2-(1H-indazol-4-yl)-5-[4-(1- 
piperazinyl)phenylamino-, 4-Oxazolecarboxamide, 
2-(1H-indazol-4-yl)-5-4-4-4-(2.2.2-trifluoroacetyl)- 
1-piperazinylphenylamino-, or 4-Oxazolecarboxam 
ide, 2-(1H-indazol-4-yl)-5-4-(methylsulfonyl)phenyl 
amino 

In another aspect, the compounds of this invention are 
represented by formula IA or IB: 

IA 

G (R), 
W 

G 

-( ) HY O R1 
IB 

or a pharmaceutically acceptable salt thereof, wherein: 

each occurrence of R is independently hydrogen or an 
optionally substituted Caliphatic; 

Ring A is a group selected from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 
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each occurrence of R is independently —R'', -T-R'', 
or —V-T-R'', and: 

each occurrence of R'' is independently halogen, —CN, 
—NO, R12, N(R'), OR2, SR2, 

S(O), R2, C(O)R'2, C(O)OR2, C(O)N 
(R'), S(O)N(R'), OC(O)NR'), N(R') 
C(O)R 12, N(R2)SOR2, N(R'2)C(O)OR2, 
N(R')C(O)N(R') or N(R')SON(R'), or 

two occurrences of R'', taken together with a nitrogen 
atom to which they are bound, form an optionally Sub 
stituted 4-7-membered heterocyclyl ring having 0-1 
additional heteroatoms selected from nitrogen, oxygen, 
or sulfur, 
each occurrence of R'' is independently hydrogen oran 

optionally Substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently an optionally 
substituted group selected from C-Caliphatic,3-10 
membered cycloaliphatic, 4-10-membered heterocy 
clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered 
aryl, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R'' is independently hydrogen oran 
optionally substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10 
membered heteroaryl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen oran 
optionally substituted Caliphatic group; 

each occurrence of V is independently —N(R') , 

(R'), N(R')SON(R') , OC(O) , or 
C(O)N(R') O ; and 

T is an optionally Substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted by 

N(R')S(O)N(R') OC(O) , or C(O)N(R') 
O— or wherein T or a portion thereof optionally forms part 
of an optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring, wherein R' is hydrogen or an optionally 
Substituted Caliphatic group: 

- N(R')C(O) , wherein: 
each occurrence of R is independently hydrogen, or an 

optionally substituted group selected from C- ali 
phatic, 6-10-membered aryl, 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or sulfur, N(R') —OR', 
—SR', halo, or - CN: 
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16 
each occurrence of R" is independently hydrogen or 

optionally substituted Caliphatic; 
each occurrence of R' is independently hydrogen, option 

ally substituted Caliphatic, —C(O)R", or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, form an 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

or wherein any two occurrences R7 and R, or R7 and R' 
taken together with the nitrogen atom to which they are 
bound, form an optionally Substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroat 
oms independently selected from nitrogen, oxygen, or 
sulfur, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

G is Nor-CR, wherein R is H. —CN, halogen, -Z-R, 
Caliphatic, or 3-10-membered cycloaliphatic, wherein: 
Z is selected from an optionally Substituted C- alkylene 

N(R)S(O)N(R) , or OC(O) ; 
R" is hydrogen or an optionally substituted Cali 

phatic, and 
R is hydrogen or an optionally substituted group selected 

from C aliphatic, 3-10-membered cycloaliphatic, 
4-10-membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, and HY is 

14 iii. 14 

(R SC 
s O O 

wherein each occurrence of R'' is independently—R'' or 
-T-R'', wherein: 

each occurrence of R'', as valency and stability permit, is 
independently fluorine. —O. —S, —CN, NO, 
Re . N(R'), OR SR'', —S(O) 

R14c, C(O)R, C(O)OR, C(O)N(R'), 
S(O)N(R'), OC(O)N(R'), N(R')C(O) 

R14b, N(R)SOR*, N(R4)C(O)OR4, 
N(R')C(O)N(R') or N(R')SON(R'), or 

two occurrences of R'', taken together with a nitrogen 
atom to which they are bound, form an optionally Sub 
stituted 4-7-membered heterocyclyl ring having 0-1 
additional heteroatoms selected from nitrogen, oxygen, 
or sulfur, 
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each occurrence of R'' is independently hydrogen or an 
optionally substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R'' is independently an optionally 
substituted group selected from C-C aliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally Substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or sulfur, 6-10-membered aryl, or 5-10-membered 
heteroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally Substituted Caliphatic group; and 

T is an optionally Substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted by 

N(R')SO. , N(R')C(O)O NRC(O) 
N(R') , N(R')S(O)N(R') OC(O) , or 
—C(O)N(R') O— or wherein T or a portion 
thereof optionally forms part of an optionally substituted 
3-7 membered cycloaliphatic or heterocyclyl ring: 

n is 0-6: 
m is 1 or 2; and 
p is 0, 1, or 2. 
In some embodiments for compounds described directly 

above, HY is 

g (R14) iii. 

Q \, 

wherein both occurrences of mare 1. 

In other embodiments for compounds described directly 
above, HY is 

wherein both occurrences of mare 1, and R' is COOH. 
In yet another aspect, the compounds of this invention are 

represented by formula IA or IB: 
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IA 

Gr 
W 

G \ 
- , R1 

IB 

Gr 
W 

n-is R1 
or a pharmaceutically acceptable salt thereof, wherein: 

R" is CY, wherein: 
CY is an optionally substituted group selected from: 

R 

Art Oe: 
XI 12X9 x6 

S 

*s-Yo O 

XI 12X9 
Xo 

T 

s 2Y11: 
X X 
"Sx2 9 

wherein: 
each occurrence of R is independently hydrogen or an 

optionally Substituted Caliphatic, wherein: 
Xs, Xs, Xio, and X are each independently N, or CR. 

provided no more than two occurrences of Xs, X, Xo, 
and X are N: 

each occurrence of R is independently hydrogen, —CN, 
halogen, -Z R', or an optionally substituted group 
selected from C aliphatic, or 3-10-membered 
cycloaliphatic, wherein: 
Z is selected from an optionally Substituted C- alky 

lene chain, -O-, - N(R') , —S , S(O) , 
S(O), s C(O) s CO, s C(O)NR' , 
N(R')C(O) , N(R')CO, , S(O), 

NR* , N(R)S(O). , OC(O)N(R) , 
N(R')C(O)NR' N(R')S(O)N(R') , or 

–OC(O)–: 
R" is hydrogen or an optionally substituted Cali 

phatic, and 
R is hydrogen or an optionally substituted group 

selected from Caliphatic, 
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3-10-membered cycloaliphatic, 4-10-membered heterocy 
clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered aryl, 
or 5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

Yo is —OR' or - N(R): 
Y is O or N. R.'; 
each occurrence of R" is independently hydrogen or an 

optionally substituted Caliphatic; 
Ring A is a group selected from 3-10-membered 

cycloaliphatic, 4-10-membered heterocyclyl having 1-5 het 
eroatoms independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R is independently R'', -T-R'', 
- V. R'', and: 

each occurrence of R'' is independently halogen, —CN, 
—NO, R12, N(R'2), OR 12, SR 12, 
S(O).R, C(O)R'', C(O)OR'', C(O)N 

(R'2), S(O)N(R'2), OC(O)N(R'2), 
N(R2)C(O)R2, N(R'2)SOR3, N(R'2)C 

(O)OR2, N(R'2)C(O)N(R'2), or N(R2) 
SO.N(R'), or two occurrences of R', taken 
together with a nitrogen atom to which they are bound, 
form an optionally substituted 4-7-membered heterocy 
clyl ring having 0-1 additional heteroatoms selected 
from nitrogen, oxygen, or Sulfur, 
each occurrence of R'' is independently hydrogen oran 

optionally substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-mem 
bered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently an optionally 
substituted group selected from C-Caliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocy 
clyl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, 6-10-membered 
aryl, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R'' is independently hydrogen oran 
optionally substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10 
membered heteroaryl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen oran 
optionally substituted Caliphatic group; 

each occurrence of V is independently —N(R') , 

T is an optionally substituted C-Calkylene chain 
wherein the alkylene chain optionally is interrupted by 
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20 
O— or wherein T or a portion thereof optionally forms part 
of an optionally substituted 3-7 membered cycloaliphatic or 
heterocyclyl ring, wherein R' is hydrogen or an optionally 
Substituted Caliphatic group; 

n is 0 to 4: 
W is selected from C(R) , —C(=C(R).) , 

—C(R)-O-, -C(R)NR' , – N(R')-, -S-, 

each occurrence of R is independently hydrogen, or an 
optionally Substituted group selected from C ali 
phatic, 6-10-membered aryl, 5-10-membered heteroaryl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or sulfur, N(R') —OR", 
- SR", halo, or - CN: 

each occurrence of R" is independently hydrogen or 
optionally Substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, —C(O)R", or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, form an 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

or wherein any two occurrences of R'' and R, or R'' and 
R taken together with the nitrogen atom to which they 
are bound, forman optionally substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroat 
oms independently selected from nitrogen, oxygen, or 
sulfur, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

G is Nor-CR, wherein R is H, -CN, halogen, -Z-R, 
Caliphatic, or 3-10-membered cycloaliphatic, wherein: 
Z is selected from an optionally Substituted C- alkylene 

chain, -O-, - N(R)-, -S-, -S(O) , S(O). , 
C(O) , CO. , C(O)NR' , N(R)C 

(O) , N(R)CO. , S(O)NR' , N(R)S 
(O) , OC(O)N(R) , N(R)C(O)NR' , 
N(R)S(O)N(R) , or OC(O) ; 

R" is hydrogen or an optionally substituted Cali 
phatic, and 

R is hydrogen or an optionally substituted group selected 
from C aliphatic, 3-10-membered cycloaliphatic, 
4-10-membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered heteroaryl hav 
ing 1-5 heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, and 

HY is 

s O O 

(R') SC V 
O N 
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-continued 

wherein each occurrence of R'' is independently—R'' or 
-T-R'', wherein: 

each occurrence of R'', as valency and stability permit, is 
independently fluorine. —O. —S, —CN, NO, 

R14, N(R'), OR 14, SR14, S(O).R., 
C(O)R'', C(O)OR'', C(O)N(R'), S(O), 

N(R'), OC(O)N(R'), N(R')C(O)R'', 
N(Re)SOR, N(R4)C(O)OR4, N(Rite) 

C(O)N(R'), or N(R')SON(R'), or two 
occurrences of R'', taken together with a nitrogenatom 
to which they are bound, form an optionally substituted 
4-7-membered heterocyclyl ring having 0-1 additional 
heteroatoms selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally substituted group selected from C-C ali 
phatic, 3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or Sulfur, 

each occurrence of R'' is independently an optionally 
substituted group selected from C-C aliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally Substituted from 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 1-5 
heteroatoms independently selected from nitrogen, oxy 
gen, or sulfur, 6-10-membered aryl, or 5-10-membered 
heteroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R'' is independently hydrogen or an 
optionally Substituted Caliphatic group; and 

T is an optionally substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted by 

N(R')SO. , N(R')C(O)O NR'' C(O) 
N(R') , N(R')S(O)N(R') OC(O) , or 
—C(O)N(R') O— or wherein T or a portion 
thereof optionally forms part of an optionally substituted 
3-7 membered cycloaliphatic or heterocyclyl ring: 

n is 0-6: 
m is 1 or 2; 
p is 0, 1, or 2. 
In some embodiments for compounds described directly 

above, G is N. 
In some embodiments for compounds described directly 

above, CY is 
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wherein Xs and X are N, X, and Xo are CR', and Y is O. 
In some embodiments for compounds described directly 

above, HY is 

O N 

wherein both occurrences of mare 1. 
In some embodiments for compounds described directly 

above, HY is pyridyl optionally additionally substituted with 
one or more occurrences of R". 

DETAILED DESCRIPTION OF THE INVENTION 

2. Compounds and Definitions: 
Compounds of this invention include those described gen 

erally for formula IA or IB above, and are further illustrated 
by the classes, Subclasses, and species disclosed herein. It will 
be appreciated that preferred subsets described for each vari 
able herein can be used for any of the structural subsets as 
well. As used herein, the following definitions shall apply 
unless otherwise indicated. 
As described herein, compounds of the invention may be 

optionally Substituted with one or more Substituents. Such as 
are illustrated generally above, or as exemplified by particular 
classes, Subclasses, and species of the invention. It will be 
appreciated that the phrase “optionally substituted” is used 
interchangeably with the phrase “substituted or unsubsti 
tuted.” In general, the term “substituted”, whether preceded 
by the term “optionally or not, means that a hydrogen radical 
of the designated moiety is replaced with the radical of a 
specified substituent, provided that the substitution results in 
a stable or chemically feasible compound. The term “substi 
tutable', when used in reference to a designated atom, means 
that attached to the atom is a hydrogen radical, which hydro 
gen atom can be replaced with the radical of a suitable Sub 
stituent. Unless otherwise indicated, an “optionally substi 
tuted group may have a substituent at each substitutable 
position of the group, and when more than one position in any 
given structure may be substituted with more than one Sub 
stituent selected from a specified group, the Substituent may 
be either the same or different at every position. Combina 
tions of substituents envisioned by this invention are prefer 
ably those that result in the formation of stable or chemically 
feasible compounds. 
A stable compound or chemically feasible compound is 

one in which the chemical structure is not substantially 
altered when kept at a temperature from about 80°C. to about 
+40°, in the absence of moisture or other chemically reactive 
conditions, for at least a week, or a compound which main 
tains its integrity long enough to be useful for therapeutic or 
prophylactic administration to a patient. 
The phrase “one or more substituents', as used herein, 

refers to a number of substituents that equals from one to the 
maximum number of Substituents possible based on the num 
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ber of available bonding sites, provided that the above con 
ditions of stability and chemical feasibility are met. 
As used herein, the term “independently selected” means 

that the same or different values may be selected for multiple 
instances of a given variable in a single compound. 
As used herein, “a 3-7-membered saturated, partially 

unsaturated, or aromatic monocyclic ring having 0-3 heteroa 
toms independently selected from nitrogen, oxygen, or Sulfur, 
or an 8-10-membered partially unsaturated, or aromatic bicy 
clic ring system having 0-5 heteroatoms independently 
selected from nitrogen, oxygen, or Sulfur includes 
cycloaliphatic, heterocyclic, aryl and heteroaryl rings. 
As used herein, the term “aromatic” includes aryl and 

heteroaryl groups as described generally below and herein. 
The term “aliphatic' or “aliphatic group', as used herein, 

means an optionally substituted Straight-chain or branched 
C. hydrocarbon, or a cyclic C. hydrocarbon which is 
completely saturated or which contains one or more units of 
unsaturation, but which is not aromatic (also referred to 
herein as “carbocycle”, “cycloaliphatic”, “cycloalkyl, or 
“cycloalkenyl). For example, Suitable aliphatic groups 
include optionally substitutedlinear, branched orcyclic alkyl, 
alkenyl, alkynyl groups and hybrids thereof. Such as (cy 
cloalkyl)alkyl, (cycloalkenyl)alkyl, or (cycloalkyl)alkenyl. 
Unless otherwise specified, in various embodiments, ali 
phatic groups have 1-12, 1-10, 1-8, 1-6, 1-4, 1-3, or 1-2 
carbon atoms. 
The term “alkyl, used alone or as part of a larger moiety, 

refers to an optionally Substituted Straight or branched chain 
hydrocarbon group having 1-12, 1-10, 1-8, 1-6, 1-4, 1-3, or 
1-2 carbon atoms. 
The term “alkenyl', used alone oras part of a larger moiety, 

refers to an optionally Substituted Straight or branched chain 
hydrocarbon group having at least one double bond and hav 
ing 2-12, 2-10, 2-8, 2-6, 2-4, or 2-3 carbon atoms. 
The term “alkynyl', used alone oras part of a larger moiety, 

refers to an optionally Substituted Straight or branched chain 
hydrocarbon group having at least one triple bond and having 
2-12, 2-10, 2-8, 2-6, 2-4, or 2-3 carbon atoms. 
The terms “cycloaliphatic”, “carbocycle', 'carbocyclyl, 

“carbocyclo', or “carbocyclic”, used alone or as part of a 
larger moiety, refer to an optionally Substituted Saturated or 
partially unsaturated cyclic aliphatic ring system having from 
3 to about 14 ring carbon atoms. In some embodiments, the 
cycloaliphatic group is an optionally substituted monocyclic 
hydrocarbon having 3-8 or 3-6 ring carbon atoms. 
Cycloaliphatic groups include, without limitation, optionally 
Substituted cyclopropyl, cyclobutyl, cyclopentyl, cyclopente 
nyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, 
cyclooctyl, cyclooctenyl, or cyclooctadienyl. The terms 
“cycloaliphatic”, “carbocycle”, “carbocyclyl', 'carbocyclo', 
or “carbocyclic' also include optionally substituted bridged 
or fused bicyclic rings having 6-12, 6-10, or 6-8 ring carbon 
atoms, wherein any individual ring in the bicyclic system has 
3-8 ring carbon atoms. 
The term "cycloalkyl refers to an optionally substituted 

saturated ring system of about 3 to about 10 ring carbon 
atoms. Exemplary monocyclic cycloalkyl rings include 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclo 
heptyl. 

The term “cycloalkenyl refers to an optionally substituted 
non-aromatic monocyclic or multicyclic ring system contain 
ing at least one carbon-carbon double bond and having about 
3 to about 10 carbonatoms. Exemplary monocyclic cycloalk 
enyl rings include cyclopentyl, cyclohexenyl, and cyclohep 
tenyl. 
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24 
The terms “haloaliphatic”, “haloalkyl, "haloalkenyl and 

“haloalkoxy' refer to an aliphatic, alkyl, alkenyl or alkoxy 
group, as the case may be, which is substituted with one or 
more halogen atoms. As used herein, the term "halogen' or 
“halo' means F, Cl, Br, or I. The term “fluoroaliphatic” refers 
to a haloaliphatic wherein the halogen is fluoro, including 
perfluorinated aliphatic groups. Examples of fluoroaliphatic 
groups include, without limitation, fluoromethyl, difluorom 
ethyl, trifluoromethyl 2-fluoroethyl, 2.2.2-trifluoroethyl, 1.1, 
2-trifluoroethyl, 1.2.2-trifluoroethyl, and pentafluoroethyl. 
The term "heteroatom” refers to one or more of oxygen, 

Sulfur, nitrogen, phosphorus, or silicon (including, any oxi 
dized form of nitrogen, Sulfur, phosphorus, or silicon; the 
quaternized form of any basic nitrogen or, a Substitutable 
nitrogen of a heterocyclic ring, for example N (as in 3,4- 
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR" (as in 
N-substituted pyrrolidinyl)). 
The teems “aryland “ar-”, used alone or as part of a larger 

moiety, e.g., “aralkyl”, “aralkoxy’, or “aryloxyalkyl, refer to 
an optionally Substituted Caromatic hydrocarbon moiety 
comprising one to three aromatic rings. Preferably, the aryl 
group is a Caryl group. Aryl groups include, without 
limitation, optionally substituted phenyl, naphthyl, oranthra 
cenyl. The terms “aryland “ar-”, as used herein, also include 
groups in which an aryl ring is fused to one or more 
cycloaliphatic rings to form an optionally Substituted cyclic 
structure such as a tetrahydronaphthyl, indenyl, or indanyl 
ring. The term “aryl' may be used interchangeably with the 
terms “aryl group', 'aryl ring, and 'aromatic ring”. 
An “aralkyl or “arylalkyl group comprises an aryl group 

covalently attached to an alkyl group, either of which inde 
pendently is optionally substituted. Preferably, the aralkyl 
group is Co arylCalkyl, including, without limitation, 
benzyl, phenethyl, and naphthylmethyl. 
The terms "heteroaryl' and "heteroar-”, used alone or as 

part of a larger moiety, e.g., "heteroaralkyl, or "het 
eroaralkoxy’, refer to groups having 5 to 14 ring atoms, 
preferably 5, 6, 9, or 10 ring atoms; having 6, 10, or 14 it 
electrons shared in a cyclic array; and having, in addition to 
carbon atoms, from one to five heteroatoms. A heteroaryl 
group may be mono-, bi-, tri-, or polycyclic, preferably 
mono-, bi-, or tricyclic, more preferably mono- or bicyclic. 
The term "heteroatom” refers to nitrogen, oxygen, or sulfur, 
and includes any oxidized form of nitrogen or Sulfur, and any 
quaternized form of a basic nitrogen. For example, a nitrogen 
atom of a heteroaryl may be a basic nitrogen atom and may 
also be optionally oxidized to the corresponding N-oxide. 
When a heteroaryl is substituted by a hydroxy group, it also 
includes its corresponding tautomer. The terms "heteroaryl 
and "heteroar-, as used herein, also include groups in which 
a heteroaromatic ring is fused to one or more aryl, 
cycloaliphatic, or heterocycloaliphatic rings. Nonlimiting 
examples of heteroaryl groups include thienyl, furanyl, pyr 
rolyl, imidazolyl pyrazolyl, triazolyl, tetrazolyl, oxazolyl, 
isoxazolyl, oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl, 
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, indolizinyl, 
purinyl, naphthyridinyl, pteridinyl, indolyl, isoindolyl, ben 
Zothienyl, benzofuranyl, dibenzofuranyl, indazolyl, benzimi 
dazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl, 
phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, 
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, phenox 
azinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl, and 
pyrido 2,3-b-1,4-oxazin-3 (4H)-one. The term "heteroaryl 
may be used interchangeably with the terms "heteroaryl 
ring”, “heteroaryl group', or "heteroaromatic”, any of which 
terms include rings that are optionally substituted. The term 
"heteroaralkyl refers to an alkyl group substituted by a het 
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eroaryl, wherein the alkyl and heteroaryl portions indepen 
dently are optionally substituted. 
As used herein, the terms "heterocycle”, “heterocyclyl, 

"heterocyclic radical, and "heterocyclic ring are used inter 
changeably and refer to a stable 3- to 8-membered monocy 
clic or 7-10-membered bicyclic heterocyclic moiety that is 
either saturated or partially unsaturated, and having, in addi 
tion to carbon atoms, one or more, preferably one to four, 
heteroatoms, as defined above. When used in reference to a 
ring atom of a heterocycle, the term "nitrogen includes a 
Substituted nitrogen. As an example, in a saturated or partially 
unsaturated ring having 0-3 heteroatoms selected from oxy 
gen, Sulfur or nitrogen, the nitrogen may be N (as in 3,4- 
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or NR" (as in 
N-substituted pyrrolidinyl). 
A heterocyclic ring can be attached to its pendant group at 

any heteroatom or carbon atom that results in a stable struc 
ture and any of the ring atoms can be optionally Substituted. 
Examples of Such saturated or partially unsaturated hetero 
cyclic radicals include, without limitation, tetrahydrofuranyl. 
tetrahydrothienyl, piperidinyl, decahydroquinolinyl, oxazo 
lidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyl, 
oxazepinyl, thiazepinyl, morpholinyl, and thiamorpholinyl. 
A heterocyclyl group may be mono-, bi-, tri-, or polycyclic, 
preferably mono-, bi-, or tricyclic, more preferably mono- or 
bicyclic. The term "heterocyclylalkyl refers to an alkyl 
group substituted by a heterocyclyl, wherein the alkyl and 
heterocyclyl portions independently are optionally Substi 
tuted. Additionally, a heterocyclic ring also includes groups 
in which the heterocyclic ring is fused to one or more aryl 
rings. 
As used herein, the term “partially unsaturated” refers to a 

ring moiety that includes at least one double or triple bond 
between ring atoms. The term “partially unsaturated' is 
intended to encompass rings having multiple sites of unsat 
uration, but is not intended to include aromatic (e.g., aryl or 
heteroaryl) moieties, as herein defined. 

The term “alkylene' refers to a bivalent alkyl group. An 
“alkylene chain' is a polymethylene group, i.e., -(CH2)—, 
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ents on the unsaturated carbon atom of an aryl or heteroaryl 
group also include and are generally selected from -halo, 
- NO, CN, R", C(R)=C(R) -OR", SR, 
S(O)R, -SOR. -SOR", -SON(R') - N(R'), 
NR"C(O)R", NR"C(S)R", NR"C(O)N(R'), NR" 

C(S)N(R), N(R)C(=NR) N(R), N(R)C 
(—NR) R, NR"COR", NR"SOR, NR"SON 
(R') - O C(O)R", O COR", OC(O)N(R"), 
C(O)R", C(S)R, COR", C(O) C(O)R", C(O) 

N(R), C(S)N(R), C(O)N(R') OR", C(O)N(R) 
C(=NR) N(R), N(R)C(=NR) N(R) C(O)R", 
C(=NR) N(R), C(=NR) OR, N(R) N 

(R), C(=NR) N(R') OR"), C(R)—N OR", 
-P(O)(R'), -P(O)(OR), -O-P(O) OR", and 
-P(O)(NR") N(R"), wherein R", independently, is 
hydrogen or an optionally Substituted aliphatic, aryl, het 
eroaryl, cycloaliphatic, or heterocyclyl group, or two inde 
pendent occurrences of Rare taken together with their inter 
vening atom(s) to form an optionally Substituted 5-7- 
membered aryl, heteroaryl, cycloaliphatic, or heterocyclyl 
ring. Each R is an optionally Substituted aliphatic, aryl, het 
eroaryl, cycloaliphatic, or heterocyclyl group. 
An aliphatic or heteroaliphatic group, or a non-aromatic 

carbycyclic or heterocyclic ring may contain one or more 
substituents and thus may be “optionally substituted’. Unless 
otherwise defined above and herein, suitable substituents on 
the saturated carbon of an aliphatic or heteroaliphatic group, 
or of a non-aromatic carbocyclic or heterocyclic ring are 
selected from those listed above for the unsaturated carbon of 
an aryl or heteroaryl group and additionally include the fol 
lowing: –O, —S, =C(R*), =N N(R*), —N OR*, 
—N NHC(O)R*, —N NHCO.R—N NHSOR or 
—N R* where R is defined above, and each R* is indepen 
dently selected from hydrogen or an optionally Substituted 
Caliphatic group. 

In addition to the substituents defined above and herein, 
optional Substituents on the nitrogen of a non-aromatic het 
erocyclic ring also include and are generally selected from 

R", N(R), C(O)R", C(O)OR", C(O)C(O)R", 
wherein n is a positive integer, preferably from 1 to 6, from 1 
to 4, from 1 to 3, from 1 to 2, or from 2 to 3. An optionally 
Substituted alkylene chain is a polymethylene group in which 
one or more methylene hydrogenatoms is optionally replaced 
with a substituent. Suitable substituents include those 
described below for a substituted aliphatic group and also 
include those described in the specification herein. It will be 
appreciated that two Substituents of the alkylene group may 
be taken together to form a ring system. In certain embodi 
ments, two substituents can be taken together to form a 3-7- 
membered ring. The substituents can on the same or different 
atOmS. 
An alkylene chain also can be optionally interrupted by a 

functional group. An alkylene chain is “interrupted by a 
functional group when an internal methylene unit is inter 
rupted by the functional group. Examples of suitable “inter 
rupting functional groups' are described in the specification 
and claims herein. 

For purposes of clarity, all bivalent groups described 
herein, including, e.g., the alkylene chain linkers described 
above, are intended to be read from left to right, with a 
corresponding left-to-right reading of the formula or structure 
in which the variable appears. 
An aryl (including aralkyl, aralkoxy, aryloxyalkyl and the 

like) or heteroaryl (including heteroaralkyl and heteroaryla 
lkoxy and the like) group may contain one or more substitu 
ents and thus may be “optionally substituted”. In addition to 
the substituents defined above and herein, suitable substitu 
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—C(O)CHC(O)R", S(O).R", S(O)N(R), C(S)N 
(R') –C(=NH) N(R"), or - N(R')S(O).R"; wherein 
each R" is defined above. A ring nitrogenatom of a heteroaryl 
or non-aromatic heterocyclic ring also may be oxidized to 
form the corresponding N-hydroxy or N-oxide compound. A 
nonlimiting example of such a heteroaryl having an oxidized 
ring nitrogen atom is N-oxidopyridyl. 
As detailed above, in some embodiments, two independent 

occurrences of R" (or any other variable similarly defined in 
the specification and claims herein), are taken together with 
their intervening atom(s) to form a monocyclic or bicyclic 
ring selected from 3-13-membered cycloaliphatic, 3-12 
membered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 6-10-mem 
bered aryl, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, oxygen, 
or sulfur. 

Exemplary rings that are formed when two independent 
occurrences of R" (or any other variable similarly defined in 
the specification and claims herein), are taken together with 
their intervening atom(s) include, but are not limited to the 
following: a) two independent occurrences of R" (or any other 
variable similarly defined in the specification or claims 
herein) that are bound to the same atom and are taken together 
with that atom to form a ring, for example, N(R'), where 
both occurrences of R" are taken together with the nitrogen 
atom to form a piperidin-1-yl, piperazin-1-yl, or morpholin 
4-yl group; and b) two independent occurrences of R" (or any 
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other variable similarly defined in the specification or claims 
herein) that are bound to different atoms and are taken 
together with both of those atoms to form a ring, for example 
where a phenyl group is substituted with two occurrences of 
OR 

OR", 

OR 

these two occurrences of R" are taken together with the oxy 
gen atoms to which they are bound to form a fused 6-mem 
bered oxygen containing ring 

wCO 
It will be appreciated that a variety of other rings (e.g., Spiro 
and bridged rings) can be formed when two independent 
occurrences of R" (or any other variable similarly defined in 
the specification and claims herein) are taken together with 
their intervening atom(s) and that the examples detailed 
above are not intended to be limiting. 

Exemplary rings that are formed when two independent 
occurrences of R or R are taken together with their inter 
vening atom(s) include, but are not limited to the following: 
indolizinyl, imidazopyridyl, indolyl, isoindolyl, indazolyl, 
benzimidazolyl, benzthiazolyl, benzoxazolyl, 4H-furo3.2- 
bipyrrolyl pyrazolopyrimidinyl, purinyl, and pyrrolizinyl. 

Exemplary rings that are formed when two independent 
occurrences of R. R', or R' are taken together with their 
intervening atom(s) include, but are not limited to the follow 
ing: cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo 
heptyl, cyclooctyl, cyclopentenyl, cyclohexenyl, cyclohepte 
nyl, cyclooctenyl, tetrahydrofuranyl, tetrahydropyranyl. 
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl, piperidinyl, 
pyrrolinyl, oxazolidinyl, piperazinyl, dioxanyl, furanyl, thie 
nyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl pyranyl. 
pyridyl, pyrimidinyl, pyrazinyl, triazinyl, morpholinyl, and 
thiomorpholinyl. 

Exemplary rings that are formed when two independent 
occurrences of R" and R, or R'' and R are taken together 
with their intervening atom(s) include, but are not limited to 
the following: isoindolyl, indazolyl, benzothienyl, dihy 
drobenzothienyl, isobenzofuranyl, benzoisoxazolyl, dihy 
droisobenzofuranyl, pyrazolopyrimidinyl, pyrazolopyridi 
nyl, isoquinolyl, tetrahydroisoquinolinyl, phthalazinyl, 
isochromanyl, isothiochromanyl, isoindolinyl, and ben 
Zoisothiazolyl. 

Exemplary rings that are formed when two independent 
occurrences of X and Xs, or X and X7, are taken together 
with their intervening atom(s) include, but are not limited to 
the following: pyrazolopyrimidinyl, purinyl, quinolyl, tet 
rahydroquinolinyl, quinazolinyl, naphthyridinyl, pyridopyri 
midinyl, pyrazolopyridinyl, pyrrolopyridinyl, pyrrolopyrim 
idinyl, imidazopyridinyl, 1 H-pyrrolo2,3-bipyridinyl-2(3H)- 
One, 3,4-dihydro-1,8-naphthyridinyl-2(1H)-one, 1.8- 
naphthyridinyl-2(1H)-one, 1 H-pyridyl2,3-d1.3oxazin-2 
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28 
(4H)-one, 1H-imidazo[4,5-b]pyridyl-2(3H)-one, oxazolo4. 
5-b]pyridyl-2(3H)-one, 1,2-dihydropyridyl2,3-bipyrazin-3 
(4H)-one, 2H-pyridyl3.2-b1,4-oxazin-3 (4H)-one, 3,4- 
dihydropyridyl2,3-dipyrimidin-2(1H)-one, 
imidazopyridinyl, and tetrahydroquinazolinyl. 

Exemplary rings that are formed when two independent 
occurrences of Y and Q, Y and Q, or Y and Ys are taken 
together with their intervening atom(s) include, but are not 
limited to the following: indolyl, indazolyl, 4H-furo3,2-b 
pyrrolyl, 4H-thieno 3.2-bipyrrolyl, 5H-furoI2,3-bipyrrolyl, 
5H-thieno2,3-bipyrrolyl pyrrolo3.4-bipyrrolyl pyrrolo3. 
2-bipyrrolyl pyrrolo2,3-bipyrrolyl, dihydropyrrolo3.2-b 
pyrrolyl, dihydropyrrolo2,3-bipyrrolyl, 5H-pyrrolo 3,2-d 
oxazole, 5H-pyrrolo3,2-dthiazole, pyrrolopyrimidinyl, 
pyrrolopyridinyl, pyrazolopyrimidinyl and pyrazolopyridi 
nyl. 

Unless otherwise stated, structures depicted herein are also 
meant to include all isomeric (e.g., enantiomeric, diastereo 
meric, and geometric (or conformational)) forms of the struc 
ture; for example, the R and S configurations for each asym 
metric center, (Z) and (E) double bond isomers, and (Z) and 
(E) conformational isomers. Therefore, single stereochemi 
cal isomers as well as enantiomeric, diastereomeric, and geo 
metric (or conformational) mixtures of the present com 
pounds are within the scope of the invention. Unless 
otherwise stated, all tautomeric forms of the compounds of 
the invention are within the scope of the invention. Addition 
ally, unless otherwise stated, structures depicted herein are 
also meant to include compounds that differ only in the pres 
ence of one or more isotopically enriched atoms. For 
example, compounds having the present structures where 
there is a replacement of hydrogen by deuterium or tritium, or 
a replacement of a carbon by a C or ''C-enriched carbon 
are within the scope of this invention. Such compounds are 
useful, as a nonlimiting example, as analytical tools or probes 
in biological assays. 

It is to be understood that, when a disclosed compound has 
at least one chiral center, the present invention encompasses 
one enantiomer of inhibitor free from the corresponding opti 
cal isomer, racemic mixture of the inhibitor and mixtures 
enriched in one enantiomer relative to its corresponding opti 
cal isomer. When a mixture is enriched in one enantiomer 
relative to its optical isomers, the mixture contains, for 
example, an enantiomeric excess of at least 50%, 75%, 90%, 
95% 99% or 99.5%. 
The enantiomers of the present invention may be resolved 

by methods known to those skilled in the art, for example by 
formation of diastereoisomeric salts which may be separated, 
for example, by crystallization; formation of diastereoiso 
meric derivatives or complexes which may be separated, for 
example, by crystallization, gas-liquid or liquid chromatog 
raphy; selective reaction of one enantiomer with an enanti 
omer-specific reagent, for example enzymatic esterification; 
or gas-liquid or liquid chromatography in a chiral environ 
ment, for example on a chiral Support for example silica with 
a bound chiral ligand or in the presence of a chiral solvent. 
Where the desired enantiomer is converted into another 
chemical entity by one of the separation procedures described 
above, a further step is required to liberate the desired enan 
tiomeric form. Alternatively, specific enantiomers may be 
synthesized by asymmetric synthesis using optically active 
reagents, Substrates, catalysts or solvents, or by converting 
one enantiomer into the other by asymmetric transformation. 
When a disclosed compound has at least two chiral centers, 

the present invention encompasses a diastereomer free of 
other diastereomers, a pair of diastereomers free from other 
diasteromeric pairs, mixtures of diasteromers, mixtures of 
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diasteromeric pairs, mixtures of diasteromers in which one 
diastereomer is enriched relative to the other diastereomer(s) 
and mixtures of diasteromeric pairs in which one diastereo 
meric pair is enriched relative to the other diastereomeric 
pair(s). When a mixture is enriched in one diastereomer or 
diastereomeric pair(s) relative to the other diastereomers or 
diastereomeric pair(s), the mixture is enriched with the 
depicted or referenced diastereomer or diastereomeric pair(s) 
relative to other diastereomers or diastereomeric pair(s) for 
the compound, for example, by a molar excess of at least 50%, 
75%, 90%, 95%, 99% or 99.5%. 
The diastereoisomeric pairs may be separated by methods 

known to those skilled in the art, for example chromatography 
or crystallization and the individual enantiomers within each 
pair may be separated as described above. Specific proce 
dures for chromatographically separating diastereomeric 
pairs of precursors used in the preparation of compounds 
disclosed herein are provided the examples herein. 

3. Description of Exemplary Compounds: 
In certain embodiments, for compounds of general formula 

IA or IB, CY is: 

In certain embodiments, for compounds of general formula 
IA or IB, X is N.G. is N(R)—, and X and X are CH. In 
certain other embodiments, X and X are N, G is 
—N(R)—, and X is CH. In certain other embodiments, X 
is N, G is N(R)—, and X and X are CH. In certain other 
embodiments, X is N, X is CH, X is N(R)- and G is 
—N . 

In certain embodiments, for compounds of general formula 
IA or IB, HY is selected from: 

H 

X6 A. Sx, 
Xs s 

R10 

J 
R10 

e 
N 
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-continued 

L 
R10 

e 
R10, or 

Q2 N. / 
M 

wherein each occurrence of Xs, X, and X, is indepen 
dently —CR' or N, provided no more than two occur 
rences of Xs, X, and X, are N: 

each occurrence of Q and Q is independently S, O or 
NR; 

each occurrence ofY, and Y, is independently —CR' or 
N: 
or wherein two adjacent occurrences of X and X7, orY. 

and Q, taken together with the atom to which they are 
bound, form an optionally Substituted fused group 
selected from 5-6-membered aryl, or 5-6-membered 
heteroaryl having 1-5 heteroatoms independently 
selected from nitrogen, oxygen, or Sulfur. 

In certain embodiments, for compounds of general formula 
IA or IB, HY is selected from: 

-N 21 N N 

N1S 

N ii 
( 
S 2 

S s 

\-Ne 

N 
n 

21 

iii. 

iv 
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xxviii 

XXix 

s C2 
wherein each HY group is optionally additionally substi 

tuted with one or more occurrences of R', and 
in Xviii represents a single bond or a double 

bond. 

In certain embodiments, for compounds of general formula 
IA or IB, HY is selected from: 

21 NN 
N1'S s 

N ii 

? 
S 2 

S rs iii. 
N-Nel. 

N iv 

n 

C 
N w 

n 

C 
N vi 

n r 
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vii. 

ix 

xxviii 

XXix 
H N 
N n 

N-Nei 
XXX 
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R111 n 

21 

XXXi 

N. N 
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XXXii 
R11 
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R111 n 

N 2 s 

XXXiii 

wherein each HY group is optionally additionally substi 
tuted with one or more occurrences of R', and 

in Xviii represents a single bond or a double 
bond. 
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In yet other embodiments, for compounds of general for 

mula IA or IB, G is C(R). In other embodiments, G is CH. 
In still other embodiments, G is N. 
In certain embodiments, for compounds of general formula 

IA or IB, W is C(R) , wherein one occurrence of R is 
hydrogen and the other occurrence of R is hydrogen, option 
ally substituted Caliphatic, N(R'), —OR', SR', 
halo, or CN; and wherein each occurrence of R' is inde 
pendently hydrogen or optionally Substituted Caliphatic; 
and each occurrence of R' is independently hydrogen, 
optionally substituted Caliphatic. —C(O)R’’, or—S(O) 
R"; or wherein two occurrences of R', taken together with 
the nitrogenatom to which they are bound, forman optionally 
substituted 3-6-membered heterocyclic ring. 

In certain embodiments, for compounds of general formula 
IA or IB, W is –C(H)(N(R'))-, -CH , —C(H) 
(OR7)—, NR7 , or - N(R')C(O)—, wherein each 
occurrence of R" is independently hydrogen or optionally 
substituted Caliphatic; and each occurrence of R' is inde 
pendently hydrogen or optionally Substituted Caliphatic. 

In certain embodiments, for compounds of general formula 
IA or IB, Ring A is 6-10-membered aryl or 5-10-membered 
heteroaryl having 1-5 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur, and n is 0 to 3. 

In certain embodiments, for compounds of general formula 
IA or IB, Ring A is a phenyl group; each occurrence of R is 
independently halogen, C. alkyl, —CN, Chaloalkyl, 
—OC alkyl, —OC haloalkyl, -NHC(O)C alkyl, 
- NHC(O)NHC alkyl, - NHS(O)C alkyl, or - C(O) 
H; and n is 0 to 3. 

In still other embodiments, Ring A is a phenyl group, R is 
halogen and n is 1 to 2. 

In still other embodiments, a compound having the struc 
ture of formula II is provided: 

II 

W 

G ra-C f N RI N O 

2X4 

R10 

wherein: 
X, Xs and X are each independently —CR' or N, pro 

vided no more than two occurrences of X, Xs and X are N: 
or two adjacent groups selected from R', X, Xs, and X. 

taken together, form an optionally Substituted group selected 
from 3-10-membered cycloaliphatic, 4-10-membered hetero 
cyclyl having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10 
membered heteroaryl having 1-5 heteroatoms independently 
selected from nitrogen, oxygen, or Sulfur. 

In Some embodiments, for compounds of formula II, one of 
X, X, or X is N. 

In still other embodiments, for compounds of formula II, 
all of X, X, or X are CR''. 

In other embodiments, for compounds of formula II, each 
occurrence of R' is independently selected from —CN, 
—OR', N(R'), halogen, Calkyl, - N(R')COR', 
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or wherein two occurrences of R', taken together with the 
atoms to which they are bound forman optionally substituted 
group selected from a fused 5- or 6-membered cycloaliphatic, 
4-10-membered heterocyclyl, 6-10-membered aryl or 5-10 
membered heteroaryl ring, wherein the heterocyclyl and het 
eroaryl rings have 1-3 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur. 

In some other embodiments, for compounds of formula II, 
CY is 

In some other embodiments, for compounds of formula II, 
X is N, G is N(R)—, and X and X are CH. 

In some other embodiments, for compounds of formula II, 
X and X are N, G, is N(R)—, and X is CH. 

In some other embodiments, for compounds of formula II, 
X is N, G is N(R)—, and X and X are CH. 

In some other embodiments, for compounds of formula II, 
X is N, X is CH, X is N(R)—and G is =N-. 

In some other embodiments, for compounds of formula II, 
Ring A is an optionally substituted 6-10-membered aryl or 
5-10-membered heteroaryl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, and n is 0 to 
3. 

In some other embodiments, for compounds of formula II, 
Ring A is a phenyl group optionally substituted with 1-3 
independent occurrences of halogen, C alkyl, -CN. 
Chaloalkyl, —OC alkyl, OC haloalkyl, - NHC(O) 
C alkyl, - NHC(O)NHC alkyl, NHS(O)C alkyl, or 
—C(O)H; and n is 0 to 3. 

In still other embodiments, Ring A is a phenyl group, R is 
halogen and n is 1 to 2. 

In some other embodiments, for compounds of formula II, 
W is C(R) , wherein one occurrence of R7 is hydrogen 
and the other occurrence of R is selected from hydrogen, 
optionally substituted Caliphatic, N(R') —OR', 
—SR', halo, or - CN; and 

wherein each occurrence of R" is independently hydrogen 
or optionally Substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, —C(O)R’, or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, forman 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
or any two occurrences of R'' and R, or R'' and R' 
taken together with the nitrogen atom to which they are 
bound, form an optionally Substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroat 
oms independently selected from nitrogen, oxygen, or 
sulfur, or 5-10-membered heteroaryl having 1-5 het 
eroatoms independently selected from nitrogen, oxy 
gen, or Sulfur. 

In some other embodiments, for compounds of formula II, 
W is C(H)(N(R7).) , C(H)(OR7) , NR7 , or 
—N(R')C(O)—, wherein each occurrence of R" is inde 
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38 
pendently hydrogen or optionally Substituted Caliphatic; 
and each occurrence of R' is independently hydrogen or 
optionally Substituted Caliphatic. 

In still other embodiments, a compound having the struc 
ture of formula III is provided: 

III 

wherein R' is hydrogen or optionally substituted 
Calkyl, and R' is R'. 

In some other embodiments, for compounds of formula III, 
R' is T-R', or hydrogen. 

In still other embodiments, for compounds of formula III, 
R' is hydrogen, —CHN(R'), or -CHN(R')C 
(—NR'')N(R'), wherein R'' is –C(O)R'', an optionally 
Substituted group selected from Caliphatic, 3-10-mem 
bered cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitrogen, oxy 
gen or sulfur, 6-10-membered aryl, or 5-10-membered het 
eroaryl having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur. 

In some other embodiments, for compounds of formula III, 
R'' is an optionally substituted Caliphatic group, the C 
aliphatic group is further defined as —(CH) R' or 
-(CH), N(R'), -(CH), N(R')C(O)R'', or (CH),N 
(R')C(O)OR'', wherein R' is hydrogen oran optionally 
Substituted group selected from Caliphatic, 3-10-mem 
bered cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitrogen, oxy 
gen, or sulfur, 6-10-membered aryl, or 5-10-membered het 
eroaryl having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, and X is 1 to 3. 

In some other embodiments, for compounds of formula III, 
X is N, and X and X are CH. 

In some other embodiments, for compounds of formula III, 
X and X are N, and X is CH. 

In some other embodiments, for compounds of formula III, 
X is N, and X and X are CH. 

In some other embodiments, for compounds of formula III, 
Ring A is an optionally substituted 6-10-membered aryl or 
5-10-membered heteroaryl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, and n is 0 to 
3. 

In some other embodiments, for compounds of formula III, 
Ring A is a phenyl group optionally Substituted with 1-3 
independent occurrences of halogen, C alkyl, —CN. 
Chaloalkyl, —OC alkyl, —OC-haloalkyl, -NHC(O) 
C. alkyl, —NHC(O)NHC alkyl, - NHS(O)C alkyl, 
or —C(O)H; and n is 0 to 3. 

In some other embodiments, Ring A is a phenyl group, R 
is halogen and n is 1 to 2. 
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In some other embodiments, for compounds of formula III, 
W is C(R) , wherein one occurrence of R7 is hydrogen 
and the other occurrence of R7 is selected from hydrogen, 
optionally substituted Caliphatic, N(R'), OR", 
—SR', halo, or - CN; and 

wherein each occurrence of R" is independently hydrogen 
or optionally Substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, -C(O)R", or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, forman 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
O 

any two occurrences of R'' and R, or R'' and R taken 
together with the nitrogen atom to which they are bound, 
form an optionally substituted group selected from 3-6- 
membered heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, or 5-10 
membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur. 
In some other embodiments, for compounds of formula III, 

W is –C(H)(N(R'))-, -CH , —C(H)(OR7)—, 
- NR7 , or N(R')C(O)—, wherein each occurrence of 
lea is independently hydrogen or optionally Substituted C. 
aliphatic; and each occurrence of R' is independently hydro 
gen or optionally Substituted Caliphatic. 

In certain embodiments, for compounds of general formula 
IA or IB, CY is: 

In certain embodiments, for compounds of general formula 
IA or IB, Xs and X are N, X and Xo are CR, and Y is O. 

In certain embodiments, for compounds of general formula 
IA or IB, HY is selected from: 

O and O) 

wherein each HYgroup is optionally additionally substituted 
with one or more occurrences of R''. 

In yet other embodiments, for compounds of general for 
mula IA or IB, G is N. 

In still other embodiments, for compounds of general for 
mula IA or IB, R is C(O)CH. 

4. Uses, Formulation and Administration 
As discussed above, the present invention provides com 

pounds that are useful as inhibitors of PI3K enzymes, and 
thus the present compounds are useful for treating prolifera 
tive, inflammatory, or cardiovascular disorders such as tumor 
and/or cancerous cell growth mediated by PI3K. In particular, 
the compounds are useful in the treatment of cancers in a 
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Subject, including, but not limited to, lung and bronchus, 
prostate, breast, pancreas, colon and recum, thyroid, liver and 
intrahepatic bile duct, hepatocellular, gastric, glioma/glio 
blastoma, endometrial, melanoma, kidney, and renal pelvis, 
urinary bladder, utering corpus, uterine cervix, ovary, mul 
tiple myeloma, esophagus, acute myelogenous leukemia, 
chronic myelogenous leukemia, lymphocytic leukemia, 
myeloid leukemia, brain, oral cavity, and pharynx, Small 
intestine, non-Hodgkin lymphoma, and villous colon 
adenoma. 

In some embodiments, compounds of the invention are 
suitable for the treatment of breast cancer, bladder cancer, 
colon cancer, glioma, glioblastoma, lung cancer, hepatocel 
lular cancer, gastric cancer, melanoma, thyroid cancer, 
endometrial cancer, renal cancer, cervical cancer, pancreatic 
cancer, esophageal cancer, prostate cancer, brain cancer, or 
ovarian cancer. 

In other embodiments, compounds of the invention are 
suitable for the treatment of inflammatory and cardiovascular 
disorders including, but not limited to, allergies/anaphylaxis, 
acute and chronic inflammation, rheumatoid arthritis; 
autoimmunity disorders, thrombosis, hypertension, cardiac 
hypertrophy, and heart failure. 

Accordingly, in another aspect of the present invention, 
pharmaceutical compositions are provided, wherein these 
compositions comprise any of the compounds as described 
herein, and optionally comprise a pharmaceutically accept 
able carrier, adjuvant or vehicle. In certain embodiments, 
these compositions optionally further comprise one or more 
additional therapeutic agents. 

It will also be appreciated that certain of the compounds of 
present invention can exist in free form for treatment, or 
where appropriate, as a pharmaceutically acceptable deriva 
tive thereof. According to the present invention, a pharma 
ceutically acceptable derivative includes, but is not limited to, 
pharmaceutically acceptable prodrugs, salts, esters, salts of 
Such esters, or any other adduct or derivative which upon 
administration to a patient in need is capable of providing, 
directly or indirectly, a compound as otherwise described 
herein, or a metabolite or residue thereof. 
As used herein, the term “pharmaceutically acceptable 

salt” refers to those salts which are, within the scope of sound 
medical judgment, Suitable for use in contact with the tissues 
of humans and lower animals without undue toxicity, irrita 
tion, allergic response and the like, and are commensurate 
with a reasonable benefit/risk ratio. A “pharmaceutically 
acceptable salt' means any non-toxic salt or salt of an ester of 
a compound of this invention that, upon administration to a 
recipient, is capable of providing, either directly or indirectly, 
a compound of this invention oran inhibitorily active metabo 
lite or residue thereof. As used herein, the term “inhibitorily 
active metabolite or residue thereof means that a metabolite 
or residue thereof is also an inhibitor of PI3K. 

Pharmaceutically acceptable salts are well known in the 
art. For example, S. M. Berge et al., describe pharmaceuti 
cally acceptable salts in detail in J. Pharmaceutical Sciences, 
1977, 66, 1-19, incorporated herein by reference. Pharmaceu 
tically acceptable salts of the compounds of this invention 
include those derived from Suitable inorganic and organic 
acids and bases. Examples of pharmaceutically acceptable, 
nontoxic acid addition salts are salts of an amino group 
formed with inorganic acids such as hydrochloric acid, 
hydrobromic acid, phosphoric acid, Sulfuric acid and perchlo 
ric acid or with organic acids such as acetic acid, oxalic acid, 
maleic acid, tartaric acid, citric acid, Succinic acid or malonic 
acid or by using other methods used in the art such as ion 
exchange. Other pharmaceutically acceptable salts include 
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adipate, alginate, ascorbate, aspartate, benzenesulfonate, 
benzoate, bisulfate, borate, butyrate, camphorate, camphor 
Sulfonate, citrate, cyclopentanepropionate, digluconate, 
dodecylsulfate, ethanesulfonate, formate, fumarate, gluco 
heptonate, glycerophosphate, gluconate, hemisulfate, hep 
tanoate, hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, 
lactobionate, lactate, laurate, lauryl Sulfate, malate, maleate, 
malonate, methanesulfonate, 2-naphthalenesulfonate, nicoti 
nate, nitrate, oleate, oxalate, palmitate, pamoate, pectinate, 
persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, 
propionate, Stearate. Succinate, Sulfate, tartrate, thiocyanate, 
p-toluenesulfonate, undecanoate, Valerate salts, and the like. 
Salts derived from appropriate bases include alkali metal, 
alkaline earth metal, ammonium and N (Calkyl) salts. 
This invention also envisions the quaternization of any basic 
nitrogen-containing groups of the compounds disclosed 
herein. Water or oil-soluble or dispersable products may be 
obtained by Such quaternization. Representative alkali or 
alkaline earth metal salts include Sodium, lithium, potassium, 
calcium, magnesium, and the like. Further pharmaceutically 
acceptable salts include, when appropriate, nontoxic ammo 
nium, quaternary ammonium, and amine cations formed 
using counterions such as halide, hydroxide, carboxylate, 
Sulfate, phosphate, nitrate, loweralkyl Sulfonate and aryl Sul 
fonate. 
As described above, the pharmaceutically acceptable com 

positions of the present invention additionally comprise a 
pharmaceutically acceptable carrier, adjuvant, or vehicle, 
which, as used herein, includes any and all solvents, diluents, 
or other liquid vehicle, dispersion or Suspension aids, Surface 
active agents, isotonic agents, thickening or emulsifying 
agents, preservatives, solid binders, lubricants and the like, as 
Suited to the particular dosage form desired. Remington's 
Pharmaceutical Sciences, Sixteenth Edition, E. W. Martin 
(Mack Publishing Co., Easton, Pa., 1980) discloses various 
carriers used in formulating pharmaceutically acceptable 
compositions and known techniques for the preparation 
thereof. Except insofar as any conventional carrier medium is 
incompatible with the compounds of the invention, Such as by 
producing any undesirable biological effect or otherwise 
interacting in a deleterious manner with any other 
component(s) of the pharmaceutically acceptable composi 
tion, its use is contemplated to be within the scope of this 
invention. Some examples of materials which can serve as 
pharmaceutically acceptable carriers include, but are not lim 
ited to, ion exchangers, alumina, aluminum Stearate, lecithin, 
serum proteins, such as human serum albumin, buffer Sub 
stances such as phosphates, glycine, Sorbic acid, or potassium 
Sorbate, partial glyceride mixtures of Saturated vegetable 
fatty acids, water, salts or electrolytes, such as protamine 
Sulfate, disodium hydrogen phosphate, potassium hydrogen 
phosphate, Sodium chloride, Zinc salts, colloidal silica, mag 
nesium trisilicate, polyvinyl pyrrolidone, polyacrylates, 
waxes, polyethylene-polyoxypropylene-block polymers, 
wool fat, Sugars such as lactose, glucose and Sucrose; starches 
Such as corn starch and potato starch; cellulose and its deriva 
tives such as sodium carboxymethylcellulose, ethyl cellulose 
and cellulose acetate; powdered tragacanth; malt, gelatin: 
talc, excipients such as cocoa butter and Suppository waxes; 
oils such as peanut oil, cottonseed oil; safflower oil; Sesame 
oil, olive oil; corn oil and soybean oil; glycols; such a propy 
lene glycolor polyethylene glycol, esters such as ethyl oleate 
and ethyl laurate; agar, buffering agents such as magnesium 
hydroxide and aluminum hydroxide; alginic acid; pyrogen 
free water, isotonic saline; Ringer's solution; ethyl alcohol, 
and phosphate buffer solutions, as well as other non-toxic 
compatible lubricants such as sodium lauryl Sulfate and mag 
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nesium Stearate, as well as coloring agents, releasing agents, 
coating agents, Sweetening, flavoring and perfuming agents, 
preservatives and antioxidants can also be present in the com 
position, according to the judgment of the formulator. 

In yet another aspect, a method for treating a proliferative, 
inflammatory, or cardiovascular disorder is provided com 
prising administering an effective amount of a compound, or 
a pharmaceutical composition to a Subject in need thereof. In 
certain embodiments of the present invention an “effective 
amount of the compound or pharmaceutical composition is 
that amount effective for treating a proliferative, inflamma 
tory, or cardiovascular disorder, or is that amount effective for 
treating cancer. In other embodiments, an “effective amount 
of a compound is an amount which inhibits binding of PI3K 
and thereby blocks the resulting signaling cascades that lead 
to the abnormal activity of growth factors, receptor tyrosine 
kinases, protein serine/threonine kinases, G protein coupled 
receptors and phospholipid kinases and phosphatases. 
The compounds and compositions, according to the 

method of the present invention, may be administered using 
any amount and any route of administration effective for 
treating the disease. The exact amount required will vary from 
Subject to Subject, depending on the species, age, and general 
condition of the subject, the severity of the infection, the 
particular agent, its mode of administration, and the like. The 
compounds of the invention are preferably formulated in 
dosage unit form for ease of administration and uniformity of 
dosage. The expression “dosage unit form as used herein 
refers to a physically discrete unit of agent appropriate for the 
patient to be treated. It will be understood, however, that the 
total daily usage of the compounds and compositions of the 
present invention will be decided by the attending physician 
within the scope of Sound medical judgment. The specific 
effective dose level for any particular patient or organism will 
depend upon a variety of factors including the disease being 
treated and the severity of the disease; the activity of the 
specific compound employed; the specific composition 
employed; the age, body weight, general health, sex and diet 
of the patient; the time of administration, route of adminis 
tration, and rate of excretion of the specific compound 
employed; the duration of the treatment; drugs used in com 
bination or coincidental with the specific compound 
employed, and like factors well known in the medical arts. 
The term "patient’, as used herein, means an animal, prefer 
ably a mammal, and most preferably a human. 
The pharmaceutically acceptable compositions of this 

invention can be administered to humans and other animals 
orally, rectally, parenterally, intracisternally, intravaginally, 
intraperitoneally, topically (as by powders, ointments, or 
drops), bucally, as an oral or nasal spray, or the like, depend 
ing on the severity of the infection being treated. 

Liquid dosage forms for oral administration include, but 
are not limited to, pharmaceutically acceptable emulsions, 
microemulsions, Solutions, Suspensions, syrups and elixirs. 
In addition to the active compounds, the liquid dosage forms 
may contain inert diluents commonly used in the art Such as, 
for example, water or other solvents, solubilizing agents and 
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl 
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, 
propylene glycol. 1,3-butylene glycol, dimethylformamide, 
oils (in particular, cottonseed, groundnut, corn, germ, olive, 
castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, 
polyethylene glycols and fatty acid esters of Sorbitan, and 
mixtures thereof. Besides inert diluents, the oral composi 
tions can also include adjuvants such as wetting agents, emul 
Sifying and Suspending agents, Sweetening, flavoring, and 
perfuming agents. 
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Injectable preparations, for example, Sterile injectable 
aqueous or oleaginous Suspensions may be formulated 
according to the known art using Suitable dispersing or wet 
ting agents and Suspending agents. The sterile injectable 
preparation may also be a sterile injectable solution, Suspen 
sion or emulsion in a nontoxic parenterally acceptable diluent 
or solvent, for example, as a solution in 1,3-butanediol. 
Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution, U.S.P. and isotonic 
sodium chloride solution. In addition, sterile, fixed oils are 
conventionally employed as a solventor Suspending medium. 
For this purpose any bland fixed oil can be employed includ 
ing synthetic mono- or diglycerides. In addition, fatty acids 
Such as oleic acid are used in the preparation of injectables. 
The injectable formulations can be sterilized, for example, 

by filtration through a bacterial-retaining filter, or by incor 
porating sterilizing agents in the form of sterile solid compo 
sitions which can be dissolved or dispersed in sterile water or 
other sterile injectable medium prior to use. 

In order to prolong the effect of a compound of the present 
invention, it is often desirable to slow the absorption of the 
compound from Subcutaneous or intramuscular injection. 
This may be accomplished by the use of a liquid Suspension of 
crystalline or amorphous material with poor water solubility. 
The rate of absorption of the compound then depends upon its 
rate of dissolution that, in turn, may depend upon crystal size 
and crystalline form. Alternatively, delayed absorption of a 
parenterally administered compound form is accomplished 
by dissolving or Suspending the compound in an oil vehicle. 
Injectable depot forms are made by forming microencapsule 
matrices of the compound in biodegradable polymers such as 
polylactide-polyglycolide. Depending upon the ratio of com 
pound to polymer and the nature of the particular polymer 
employed, the rate of compound release can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides). Depot injectable formu 
lations are also prepared by entrapping the compound in 
liposomes or microemulsions that are compatible with body 
tissues. 

Compositions for rectal or vaginal administration are pref 
erably suppositories which can be prepared by mixing the 
compounds of this invention with Suitable non-irritating 
excipients or carriers such as cocoa butter, polyethylene gly 
color a Suppository wax which are solid at ambient tempera 
ture but liquid at body temperature and therefore melt in the 
rectum or vaginal cavity and release the active compound. 

Solid dosage forms for oral administration include cap 
Sules, tablets, pills, powders, and granules. In Such solid dos 
age forms, the active compound is mixed with at least one 
inert, pharmaceutically acceptable excipient or carrier Such as 
Sodium citrate or dicalcium phosphate and/or a) fillers or 
extenders such as starches, lactose, Sucrose, glucose, manni 
tol, and silicic acid, b) binders such as, for example, car 
boxymethylcellulose, alginates, gelatin, polyvinylpyrrolidi 
none. Sucrose, and acacia, c) humectants such as glycerol. d) 
disintegrating agents such as agar—agar, calcium carbonate, 
potato or tapioca starch, alginic acid, certain silicates, and 
Sodium carbonate, e) solution retarding agents such as paraf 
fin, absorption accelerators such as quaternary ammonium 
compounds, g) wetting agents such as, for example, cetyl 
alcohol and glycerol monostearate, h) absorbents such as 
kaolin and bentonite clay, and i) lubricants such as talc, cal 
cium Stearate, magnesium Stearate, Solid polyethylene gly 
cols, Sodium lauryl Sulfate, and mixtures thereof. In the case 
of capsules, tablets and pills, the dosage form may also com 
prise buffering agents. 
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Solid compositions of a similar type may also be employed 

as fillers in Soft and hard-filled gelatin capsules using Such 
excipients as lactose or milk Sugar as well as high molecular 
weight polyethylene glycols and the like. The Solid dosage 
forms of tablets, dragees, capsules, pills, and granules can be 
prepared with coatings and shells Such as enteric coatings and 
other coatings well known in the pharmaceutical formulating 
art. They may optionally contain opacifying agents and can 
also be of a composition that they release the active 
ingredient(s) only, or preferentially, in a certain part of the 
intestinal tract, optionally, in a delayed manner. Examples of 
embedding compositions that can be used include polymeric 
Substances and waxes. Solid compositions of a similar type 
may also be employed as fillers in soft and hard-filled gelatin 
capsules using Such excipients as lactose or milk Sugar as well 
as high molecular weight polyethylene glycols and the like. 
The active compounds can also be in micro-encapsulated 

form with one or more excipients as noted above. The solid 
dosage forms of tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells Such as enteric 
coatings, release controlling coatings and other coatings well 
known in the pharmaceutical formulating art. In Such solid 
dosage forms the active compound may be admixed with at 
least one inert diluent such as Sucrose, lactose or starch. Such 
dosage foams may also comprise, as is normal practice, addi 
tional Substances other than inert diluents, e.g., tableting 
lubricants and other tableting aids such a magnesium Stearate 
and microcrystalline cellulose. In the case of capsules, tablets 
and pills, the dosage forms may also comprise buffering 
agents. They may optionally contain opacifying agents and 
can also be of a composition that they release the active 
ingredient(s) only, or preferentially, in a certain part of the 
intestinal tract, optionally, in a delayed manner. Examples of 
embedding compositions that can be used include polymeric 
Substances and waxes. 
Dosage forms for topical or transdermal administration of 

a compound of this invention include ointments, pastes, 
creams, lotions, gels, powders, Solutions, sprays, inhalants or 
patches. The active component is admixed under sterile con 
ditions with a pharmaceutically acceptable carrier and any 
needed preservatives or buffers as may be required. Oph 
thalmic formulation, ear drops, and eye drops are also con 
templated as being within the scope of this invention. Addi 
tionally, the present invention contemplates the use of 
transdermal patches, which have the added advantage of pro 
viding controlled delivery of a compound to the body. Such 
dosage forms can be made by dissolving or dispensing the 
compound in the proper medium. Absorption enhancers can 
also be used to increase the flux of the compound across the 
skin. The rate can be controlled by either providing a rate 
controlling membrane or by dispersing the compound in a 
polymer matrix or gel. 

While one or more of the inventive compounds may be 
used in an application of monotherapy to treat a disorder, 
disease or symptom, they also may be used in combination 
therapy, in which the use of an inventive compound or com 
position (therapeutic agent) is combined with the use of one 
or more other therapeutic agents for treating the same and/or 
other types of disorders, symptoms and diseases. Combina 
tion therapy includes administration of the therapeutic agents 
concurrently or sequentially. Alternatively, the therapeutic 
agents can be combined into one composition which is 
administered to the patient. 

In one embodiment, the compounds of this invention are 
used in combination with other therapeutic agents, such as 
other inhibitors of PI3K. In some embodiments, a compound 
of the invention is administered in conjunction with a thera 
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peutic agent selected from the group consisting of cytotoxic 
agents, radiotherapy, and immunotherapy. It is understood 
that other combinations may be undertaken while remaining 
within the scope of the invention. 

Another aspect of the invention relates to inhibiting PI3K, 
activity in a biological sample or a patient, which method 
comprises administering to the patient, or contacting said 
biological sample with a compound of formula I or a compo 
sition comprising said compound. The term “biological 
sample', as used herein, generally includes in Vivo, in vitro, 
and ex vivo materials, and also includes, without limitation, 
cell cultures or extracts thereof; biopsied material obtained 
from a mammal or extracts thereof, and blood, saliva, urine, 
feces, semen, tears, or other body fluids or extracts thereof. 

Still another aspect of this invention is to provide a kit 
comprising separate containers in a single package, wherein 
the inventive pharmaceutical compounds, compositions and/ 
or salts thereof are used in combination with pharmaceuti 
cally acceptable carriers to treat disorders, symptoms and 
diseases where PI3K kinase plays a role. 

EXPERIMENTAL PROCEDURES 

I-A. Preparation of Certain Exemplary Compounds 

Compounds (shown in Table 1 below) were prepared using 
the general methods and specific examples described directly 
below. 

5. General Synthetic Methods and Intermediates: 
The compounds of the present invention can be prepared 

by methods known to one of ordinary skill in the art and/or by 
reference to the schemes shown below and the synthetic 
examples that follow. Exemplary synthetic routes are set forth 
in Schemes 1-45 below, and in the Examples. 

In methods defined below X represents halogen (Br, I or 
Cl), P is Hy itself or a substituent convertible to Hy by apply 
ing a generally known method, W is W R itself, a sub 
stituent convertible to W R by applying a generally known 
method, W is R itself, or a part of W linker connected to R 
and Q is R' itself or a substituent convertible to R' by apply 
ing a generally known method. 

Examples of the solvent for the below-mentioned reactions 
include, but are not limited to halogenated hydrocarbons such 
as dichloromethane, chloroform, carbon tetrachloride, 1,2- 
dichloroethane and the like, aromatic hydrocarbons such as 
benzene, toluene, Xylene and the like, alcohols such as metha 
nol, ethanol, isopropanol, tert-butanol, phenol and the like, 
ethers such as diethyl ether, tetrahydrofuran, dioxane, DME 
and the like, acetone, acetonitrile, ethyl acetate, N,N-dimeth 
ylformamide, N,N-dimethylacetamide, 1-methyl-2-pyrroli 
done, dimethyl sulfoxide, hexamethylphosphoramide, water 
or a mixed solvent thereof and the like. 

One of ordinary skill in the art will recognise that numerous 
variations in reaction conditions including variations in Sol 
vent, reagents, catalysts, reaction temperatures and times are 
possible for each of the reactions described. Variation of order 
of synthetic steps and alternative synthetic routes are also 
possible. 

In many cases, synthesis can be started from commercially 
available furanefoxazole analogs to prepare target com 
pounds. In some cases, specially functionalized furanefoX 
Zole analogs can be prepared by the procedures described in 
Schemes 1-11. 
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Scheme 1: General method for the synthesis of oxazoles 
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Scheme 1 describes a method of preparing substituted 
oxazoles vi. Treatment of ethyl 1.3-oxazole-5-carboxylate 
with lithium hexamethyldisilaZane and iodine in DMPU 
gives ii as reported in the literature (Vedes, E., Luchetta, L. 
M.J. Org. Chem. 1999, 64, 1011). Compounds iii can then be 
prepared from compounds ii by Method A. Method A is the 
coupling reaction of an aryl or heteroaryl bromide with an 
appropriate aryl or heteroaryl Stannane under Suitable condi 
tions, for example Pd(PPh), CuI, LiCl in an appropriate 
Solvent, such as dioxane at elevated temperature. 

Alternatively, Method A can refer to the coupling reaction 
of an aryl or heteroaryl bromide with an appropriate boronic 
acid or boronic ester under Suitable conditions, for example 
Pd(PPh3), CsCO, in an appropriate solvent, such as diox 
ane, at elevated temperature or under microwave irradiation. 
Transformation of compounds iii to iv can be achieved by 
methods described below. Compounds vican be prepared via 
the intermediate acids V (obtained by hydrolysis of the ester of 
compounds iv under Standard conditions) or by transforma 
tion of the esters iv directly to a variety of groups using 
standard methods. 
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Scheme 2: Alternate general method for the synthesis of oxazoles vi 
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Scheme 2 describes an alternative method of preparing 
substituted oxazoles vi. Treatment of ethyl 2-amino-1,3-ox 
azole-4-carboxylate (vii) with t-butyl nitrite and copper chlo 
ride in acetonitrile gives viii as described in the literature 
(Hodgetts, K. J.; Kershaw, M. T. Org. Lett. 2002, 4, 2905). 
Compounds ix can be prepared by treatment of compounds 
viii according to Method A. Bromides X, which can be pre 
pared from iX using standard bromination conditions, then 
can be convered to compounds Xi using Method A. After 
saponification of esters Xi to the corresponding carboxylic 
acids, bromides Xii can be prepared by a standard Huns 
diecker reaction (Johnson, R. G.; Ingham, R. K. Chem. Rev. 
1956, 56, 219). The oxazoles vican be prepared from xii by 
reaction according to methods described below. 

Scheme 3: General method for the synthesis of oxazoles xix 
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-continued 
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Scheme 3 describes a method of preparing substituted 
oxazoles xix. Acid chlorides xiii can be reacted with methyl 
cyanoacetate (xiv) according to procedures described in the 
literature (e.g., Hirashima, S. et al. J. Med. Chem. 2006, 49. 
4721). The resulting oxazoles can be iodinated under stan 
dard conditions, for example treatment with lithium hexam 
ethyldisilazine and iodine in a solvent such as THF to give 
iodides Xvi. The oxazoles XVii can be prepared from Xvi using 
Method A. Compounds xvii can be elaborated to oxazoles xix 
through a series of standard transformations as described for 
the preparation of compounds Vi in Scheme 1. 

Scheme 4: Alternate general method for the synthesis of oxazoles xix 
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Scheme 4 describes an alternative method of preparing 
Substituted oxazoles XiX. Compounds XX can be prepared by 
reaction according to Method A or Method B. Compounds XX 
can be elaborated to oxazoles XiX through a series of standard 
transformations as described for the preparation of com 
pounds vi in Scheme 1. 

Scheme 5: Alternate general method for the synthesis of oxazoles xix 
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Scheme 5 describes an alternative method of preparing 
substituted oxazoles xix. Treatment of amides XXi with oxalyl 
chloride gives the acyl isocyanates XXii (McGrew, L. A. et al. 
J. Org. chem. 1964, 29,3002). Compounds xxii can be treated 
with trimethylsilyldiazomethane to give compounds XXiii 
(Hari.Y.; Iguchi, T.; Aoyama, T. Synthesis 2004, 1359), which 
can be converted to the corresponding triflates XXiv upon 
treatment with triflic anhydride. Compounds XXV can be pre 
pared by treatment of XXiv with appropriate boronic acids or 
esters under suitable conditions, for example PdCl2(PPh). 
Na2CO, in an appropriate solvent, Such as dioxane, at 
elevated temperature or under microwave irradiation. Alter 
natively, compounds XXV can also be prepared by conversion 
of XXiv to the corresponding boronic acids or esters followed 
by coupling with appropriate triflates as described in the 
literature (Flegeau, E. F.; Popkin, M. E.; Greaney, M. F. Org. 
Lett. 2006, 8, 2495). Compounds XXV can be brominated 
understandard conditions to give compounds XXVi, which can 
then be treated according to methods described below to give 
compounds of formula Xix. 
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Scheme 6: General route for the synthesis of substituted cyanofuranes 
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Compounds of formula XXXV can be prepared from com 
pounds XXVii according to procedure described in the litera 
ture (Fernandez, M.-C.: Castano, A.; Dominguez, E.: Escrib 
ano, A.; Jiang, D.; Jimenez, A.; Hong, E.; Hornback, W. J.; 
Nisenbaum, E. S.; Rankl, N.; Tromiczak, E.; Vaught, G.; 
Zarrinmayeh, H.; Zimmerman, D. M. Bioorg. Med. Chem. 
Lett., 2006, 66,5057-5061), as outlined in Scheme 6. Depro 
tonation of propionitriles XXvii followed by condensation 
with carbon disulfide and Subsequesnt quenching with methyl 
iodide gives compounds of formula XXViii. These compounds 
can be further converted to furan ethyl carboxylates XXvix 
(Q=COOEt) by cyclocondensation with bromoethyl acetate. 
Further elaboration includes oxidation of methyl sulfide to 
Sulfone XXX using a Suitable oxidant, such as mCPBA in 
DCM, which can be displaced with an amine, for example 
dimethoxybenzylamine to afford compounds of formula 
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XXXi. Treatment of XXXi with an acid, like TFA in DCM can 
give amines XXXii, that can be subjected to Sandmeyer reac 
tion using standard conditions, for example CuBr, amyl 
nitrate in acetonitrile at elevated temperature to give halides 
XXXiii. Halides xxxiii can then be treated according to Method 
A to give compounds of formula XXXiv, that can be further 
transformed to XXXV by methods described below. 

Scheme 7: General route for the synthesis of substituted furanes 
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Scheme 7 above shows a general method for preparation of 
furanes of formula Xl according to procedures described in 
the literature (Zhang, H.-Z. et al J. Med. Chem. 2005, 48. 
5215; Lee et al Bioorg. Med. Chem. Lett. 2007, 17, 1291). 
3-halofuranes XXXViare deprotonated with a suitable organo 
metallic base, for example LDA in a suitable solvent, such as 
THF to generate organolithium species that are then 
quenched with a suitable electrofile, such as CO to afford 
XXXvii (Q-COOH). Compounds XXXVii can be then trans 
formed into compounds XXXViii using methods described 
below. Halogenation can be then accomplished by the treat 
ment of XXXViii with halogen molecule, for example bromine 
in a suitable solvent, like diethylether to give compounds of 
formula XXXVix. Compounds Xl can be prepared by the cou 
pling of compounds XXXix according to Method A followed 
by additional transformations described below. 

Scheme 8: Alternate route for the synthesis of substituted furanes 
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Scheme 8 above shows an alternate procedure for the 
preparation of substituted furanes of formula XXXviii accord 
ing to procedure described in the literature (Lee et al Bioorg. 
Med. Chem. Lett. 2007, 17, 1291). Condensation of B-ketoac 
etals with ethylchlorocarbonate in the presence of a suitable 
base, such as sodium methanolate in THF provides interme 
diate epoxides xlii that are thermolytically treated to afford 
esters xliii according to Darzen cyclization. Transformation 
of xliii to x1 can be achieved by methods described in Scheme 
7 and other parts of this document. 

Scheme 9: General route for the synthesis of substituted 3-aminofuranes 
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Compounds of formula Xlv can be prepared according to 
the literature procedure (Lee et al Bioorg. Med. Chem. Lett. 
2007, 17, 1291) as shown in Scheme 9. Cyanomethyl ketones 
xliv can be treated with ethyl glycolate under Mitsunobu 
conditions, such as PPh. DEAD, THF followed by treatment 
with a base, for example sodium hydride that leads to cycliza 
tion to 3-aminofuranes of formula Xlv, that can be further 
elaborated to compounds Xl using methods described in this 
document. 

Scheme 10: Alternate route for the synthesis of substituted furanes 
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Compounds of formula it can be prepared according to the 
literature procedure (Miyagawa, T.; Satoh, T. Tetrahedron 
Lett. 2007, 48, 4849) as shown in scheme 10. Alkenylketones 
xlvi can be treated with dichloromethylphenyl sulfoxide in 
the presence of a suitable base, like LDA, with HMPA at low 
temperature in a suitable solvent, for example THF to give 
adduct xlvii. The latter compound can be then treated with 
TFAA under suitable conditions, for example with NaI in 
acetonitrile to afford furanes of formula xlviii. Phenyl sulfide 
can be then oxidized to an intermediate sulfoxide, for 
example with mCPBA in DCM, and subsequently treated 
with i-PrMgCl to give 2-magnesiofuran, that can be further 
treated with electrofiles to afford compounds of formula iI. 

Scheme 11: Alternate route for the synthesis of substituted furanes 
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-continued 
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Scheme 11 above shows a general method for preparation 
of furanes of formula liv from commercially available methyl 
2,5-dibromofuran-3-carboxylate 1. Coupling reaction of 1 
according to Method A can give li, which can be further 
transformed to lii, liii and liv according to methods described 
in this document. 

Schemes 12-36 describe procedures for basic functional 
group transformations on the thiophene/thiazole central core 
scaffolds. 

Schemes 12-19 describe methods for the introduction of 
W—R groups. 

Scheme 12: General method for introducing carbon functionality to 4 
halogentated furanesfoxazoles. 

C - - - - , Q d 
As shown in Scheme 12 above, carbon functionality can be 

introduced by the well known cross-coupling technique from 
the 4-halogenated furanes/oxazoles lv which can be prepared 
by the procedure described in schemes 1, 2, 4, 5, 7, 11. 
For example, lvi can be obtained from lvi by reaction with an 
organic boronic acid reagent, or an organic Zinc reagent in a 
presence of palladium catalyst. Suzuki couplings with alkyl, 
alkenyl boronic acids or esters can be performed using 
Pd(PPh), or a similar palladium catalyst, a suitable base, 
Such as Sodium carbonate in an appropriate solvent, such as 
DME/water at elevated temperature (Method A), while 
Pd(tEuP) can be used for Negishi coupling reactions, 
together with in a suitable solvent, such as THF at elevated 
temperature (Method B). 

Scheme 13: General method for introducing carbon functionality to 4 
halogentated furanesfoxazoles. 
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Scheme 13 above shows a general method for the synthesis 
carbon Substituted furanes/oxazoles. Halogenated furanes/ 
oxazoles lv can be treated with an alkyne in the presence of a 
suitable catalyst, for example Pd(PPh3), Cul, base, such as 
TEA in a suitable solvent, like DCM to afford alkynes lvii 
(Method C). Compounds lvii can be then reduced to alkyl 
Substituted furanes/oxazoles using well known techniques, 
for example hydrogenation with Pd/C in a suitable solvent, 
Such as ethanol. 

Scheme 14: General method for introducing carbon functionality to 
halogentated furanesfoxazoles. 
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Scheme 14 above shows a general method for the synthesis 
carbon Substituted furanes/oxazoles lix. Halogenated 
furanes/oxazoles lv can be treated with alkyllithium, arryl 
lithium or alkylmagnesium reagents, such as of n-Bulli at low 
temperature to generate metallated intermediates that are Sub 
sequently treated with aldehydes or ketones to afford 
carbinols lix (Method D). 

Scheme 15: General method for introducing carbon functionality to 4 
halogentated furanesfoxazoles. 
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Scheme 15 above shows a general method for the synthesis 

carbon Substituted furanes/oxazoles. Halogenated furanes/ 
oxazoles lv can be treated with vinylorganometallic reagents, 
for example vinyltributylstannane under Stille conditions 
(Method C), or vinyltrifluoroborate under Suzuki conditions 
(Method A) to afford vinyl furanes/oxazoles, that can be 
oxidized to aldehydes lx using a Suitable method, for example 
OsO, sodium periodate in water-dioxane mixture. Alde 
hydes lx can be then treated with organometallic reagents, 
Such as Grignard oralkyl/aryllithium compounds in a Suitable 
solvent, such as THF at low temperature to afford carbinols of 
formula lxi (Method D). 

Scheme 16: General method for the synthesis of ethers 

V HO 

R } \ - > --> 
lxii lxiii 

W-O 

5 --> 
lxiv 

Scheme 16 above shows a general method for the synthesis 
of alcohols lxiii and ethers lxiv. Aldehydes prepared as 
described in Scheme 15 above can be treated with a suitable 
reducing agent, such as NaBH4 in an appropriate solvent, for 
example THF to afford alcohols of formula lxiii. Alcohols 
lxiii can be then alkylated using standard conditions, for 
example with alkyl halides in the presence of base, such as 
KCO, in THF to afford ethers lxiv (Method E). 

Scheme 17: General method for the synthesis of amines 
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Scheme 17 above shows a general method for the synthesis 
of amines lxvi. As shown is Scheme 17, alcohols lxv can be 
activated via sulfonyl esters, for example by reaction with 
methanesulfonic chloride and a base, Such as pyridine in a 
suitable solvent, for example DCM. Sulfonyl esters are then 
treated with amines at elevated temperature to provide target 
amines lxvi (Method E). 
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Scheme 18: General method for the synthesis of ethers 
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Scheme 20: General route for the synthesis of carboxamides 
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Scheme 18 above shows a general method for the synthesis 
of ethers lxvii when W is an aromatic or heteroaromatic 
group. As shown is Scheme 18, alcohols lxv are treated with 
an excess of alcohol. Such as methanol in the presence of an 
acid, like aqueous HCl with an optional cosolvent, for 
example dioxane at ambient temperature to afford ethers of 
formula lxvii. 

Scheme 19: General method for Pd-catalyzed amination amidation of 
halogenated furanesfoxazoles 
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As shown in Scheme 19, amine oramide functionality can 
be introduced by the well known palladium catalyzed amina 
tion/amidation reaction, so called Buchwald coupling, to the 
4-halogenated thiophenes/thiazoles lv. 
For example, halides lv can be treated with amines using an 
appropriate Pd catalyst, such as Pddba/BINAP, with a suit 
able solvent/base combination, for example NaOtBu in tolu 
eneat elevated temperature or using microwave irradiation to 
afford amines of formula lxviii (Method G). 
Coupling with amides also can be carried out using a suitable 
Pd catalyst, for example Pd dba/XantPhos, with a suitable 
solvent/base combination, like CsCO in dioxane at elevated 
temperature or using microwave irradiation to give amides of 
formula lxix (Method H). 

Schemes 20-29 describe methods for introduction and 
modification of R groups. 
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Scheme 20 above shows a general route for preparing 
amide compounds of formula lxxi. As shown in Scheme 20, 
acids lxx are treated with amines using standard coupling 
conditions, such as EDCI and HOBt in DCM to afford amides 
lxxi (Method I). 
When ammonia is used as an amine source, obtained primary 
amide derivatives lxxii can be very useful intermediates for 
the construction of azoles as described below. 

Scheme 21: 
General route for the synthesis of halogenated furanes 
oxazoles by Hunsdiecker reaction 

Ixx Ixxiii 

As shown Scheme 21, halogenated furanesfoxazoles lxxiii 
can be prepared by the Hunsdiecker reaction of carboxylic 
acid analogs lxx. 
As shown in Scheme 21, acids lxx are treated with sliver 
hydroxide to form a silver salt, which is subsequently treated 
with halogen, for example bromine in a Suitable solvent, Such 
as CC1 at elevated temperature to form lxxiii (Method J). 

Scheme 22: General route for the construction of 1,2,4-triazolyl 
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As shown in Scheme 22, amides lxxii, which can be pre 
pared by the procedure described in scheme 20, can be treated 
with DMFDMA or similar reagents at elevated temperature 
or under microwave irradiation to give intermediate amidines 
lxxiv. that are transformed to 1,2,4-triazoles lxxv, for example 
using hydrazine or Substituted hydrazines in acetic acid at 
elevated temperature or under microwave irradiation 
(Method K). 

Scheme 23: General route for the construction of 2-imidazolyl 
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As shown in Scheme 23, acids lxx are treated with Boc 
protected ethylenediamine using standard coupling condi 
tions, such as EDCI and HOBt in DCM (Method I). Protective 
group is removed using an appropriate acid, for example TFA 
in DCM to give amide lxxvi. Cyclization of lxxvi is achieved 
using suitable conditions, for example POCl to form dihy 
droimidazoles lxxvii. Dihydroimidazoles lxxvii can be oxi 
dized to imidazoles lxxviii using a suitable oxidative method, 
for example heating with Magtrieve. 
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Scheme 24: Alternative route for the construction of 2-imidazolyl 
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Scheme 24 above shows an alternative route for preparing 
imidazoles of formula lxxx. As shown in Scheme 24, amides 
lxxi are cyclized to imidazoles through a 3-step one pot pro 
cess that involves treatment with phosphorus pentachloride 
and HCl in dioxane to afford carbimidoyl chloride interme 
diates lxxix that are then treated with aminoacetaldehyde 
dimethylacetal followed by HCl in dioxane at elevated tem 
perature to give lxxx. When Rallyl, benzyl or substituted 
benzyl, it can also serve as a protecting group. 

Scheme 25: General route for the construction of substituted 4-imidazolyl. 
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As shown in Scheme 25, acids lxxx are transformed to 
ketones lxxxi using a Suitable synthetic sequence, for 
example through a coupling with N.O-dimethylhydroxy 
lamine and subsequent treatment of the resulting Weinreb 
amides with alkyllithium or Grignard reagents in a Suitable 
solvent, like THF (L). 

  



US 9,062,038 B2 
61 

Ketones lxxxi are then halogenated with a suitable reagent, 
such as bromine or NBS in an appropriate solvent, like DCM 
to form alpha-halogenated ketones lxxxii (Xhalogen). 
Alternatively, treatment of ketones lxxxi with a suitable oxi 
dative Sulfonylating agent, like hydroxy(tosyloxy)iodoben 
Zene using Suitable conditions, for example heating in aceto 
nitrile affords sulfonyl esters of formula lxxxii (X—OSOR). 
Treatment of lxxxii with amidine reagents in the presence of 
a suitable base, like potassium carbonate in a Suitable solvent, 
such as THF-water mixture at elevated temperature or micro 
wave irradiation affords the final imidazoles lxxxiii. Alterna 
tively, compounds lxxxii can be treated with large excess of 
amides, such as formamide using microwave irradiation to 
afford imidazoles lxxxiii. 

Scheme 26: General route for the construction of 3-pyrazolyl. 
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As shown in Scheme 26, ketones lxxxi, which can be 
prepared by the procedure describing in scheme 25, are 
treated with DMFDMA to afford an intermediate enamines 
followed by reaction with substituted hydrazine, or hydrazine 
hydrate in a Suitable solvent, for example acetic acid to give 
pyrazoles lxxxiv. 

Scheme 27: General route for the introduction of heteroaromatic group. 
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As shown in Scheme 27, halides lxxiii which can be pre 
pared by the procedure described in scheme 21, are treated 
with heteroarylboronic acids or esters, in the presence of a 
Suitable catalyst, for example Pd(PPh3), using a base. Such as 
cesium carbonate in a suitable solvent, like dioxane-water 
mixture at elevated temperature to afford compounds of for 
mula lxxxv (Method A). 
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Scheme 28: General route for the construction of 1,2,3-triazolyl. 

WR 

G1 

- \ --- 
P O Šs 

R7 
lxxxvi. 

WR 
7. 

G1 R 

O -k \ R P O a NN1 
/ 

NFN 

lxxxvii 

As shown in Scheme 28, alkynes lxxxvi, which can be 
prepared by the known Stille- or Sonogashira-coupling reac 
tion of halide lxxiii and appropriate alkyne derivative, are 
treated with azides, inorganic or organic a suitable solvent, 
such as dioxane at elevated temperature to afford triazoles of 
formula lxxxvii. 

Scheme 29: General route for the construction of tetrazolyl. 

WR 
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As shown in Scheme 29, amides lxxii, which can be pre 
pared by the procedure described in scheme 20, are treated 
with an azide Source, for example Sodium azide using a Suit 
able Lewis acid, for example silicontetrachloride in an appro 
priate solvent, Such as acetonitrile to give tetrazoles lxXXviii. 
Scheme 30-36 describe general procedure for the func 

tional group transformation on Hy. 

Scheme 30: General method for the introduction of amino group to 
2-fluoropyridyl 

N 
le 

lxxxix 
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Scheme 30 above shows a general route for the transfor 
mation of 2-fluoropyridyl to 2-substituted aminopyridyl to 
give the compounds of formula Xc. 
As shown in Scheme 30, compounds lxxxix can be treated 
with amines at elevated temperature or under microwave 
irradiation to give 2-aminopyridines Xc. 

Scheme 31: General method for the introduction of 2-acylaminopyridines 
by Buchwald reaction 

le 

\ R'CONH 
Method AG 
He 

O Q 

lxxxix 

Xci 

Scheme 31 above shows a general route for the transfor 
mation of 2-halopyridyl to 2-acylaminopyridyl by Buchwald 
reaction to give the compounds formula Xci. 
As shown in Scheme 31, compounds lxxxix can be treated 
with amides or carboxamides in the presence of a suitable 
catalyst, such as Pd dba, Xanthos, base like cesium car 
bonate in an appropriate solvent, for example dioxane at 
elevated temperature or under microwave irradiation to give 
acylaminopyridines Xci (Method H). 

Scheme 32: General method for the synthesis of 2-aminopyrimines 
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As shown in Scheme 32, compounds Xcii can be coupled 
with Stannanes under Suitable conditions, for example 
Pd(PPh3), CuI, LiCl in dioxane at elevated temperature to 
give compounds Xciii (Method A). Oxidation of thioethers 
Xcilito Sulfones Xciv can be achieved using a suitable oxidant, 
for example mcPBA in DCM. Methanesulfonyl group of 
Sulfones Xciv can be displaced by treatment with amines in a 
suitable solvent, for example THF to afford 2-aminopyrim 
idines XCV. 

Scheme 33: General method for the introduction of 2-halo substituent on 
4-pyridyl group 
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xcviii 

Scheme 33 above shows a general route for the transfor 
mation of 4-pyridyl to 2-halo-4-pyridyl compounds formula 
Xcvviii. 

As shown in Scheme 33, compounds xcvican be treated with 
an oxidant, for example mocPBA in a suitable solvent, such as 
DCM to afford intermediate N-oxides xcvii, that are haloge 
nated in 2-position using phosphoryl halides, for example 
phosphoryl chloride at elevated temperature to afford com 
pounds of formula Xcviii. 

Scheme 34: General method for the preparation of 2-aminooxazoles 
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Scheme 34 shows a general method for preparation of 
compounds of formula ci. As shown in Scheme 34, 2-haloox 
azoles are treated with amines at elevated temperature, either 
neat, or in a suitable solvent, such as NMP with an appropriate 
base, for example KCO (Method F) to afford 2-aminoox 
azoles c. that can be further transformed to compounds ci 
using generally known methods. 
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Scheme 35: General method for the preparation of 2 
aminofuranesfoxazoles 
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Scheme 35 shows a general method for preparation of 
compounds of formula ci. As shown in scheme 34, 2-halo 
furanes/oxazoles Xcii are treated with amines using an appro 
priate Pd catalyst, such as Pd dba/BINAP, with a suitable 
solvent/base combination, for example NaOtBu in toluene at 
elevated temperature or using microwave irradiation to afford 
amines of formula cii (Method G), that can be further trans 
formed to compounds ciii using generally known methods. 

Scheme 36: General method for coupling of halofuranesfoxazoles with 
vinylstannanes 
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Scheme 36 shows a general method for preparation of 
compounds of formula cv and cvii. As shown in Scheme 36, 
compounds Xcii can be coupled with vinylstananes under 
suitable conditions, for example Pd(PPh), CuI, LiCl in 
dioxane under elevated temperature to give alkenes civ 
(Method A), that can be further transformed to compounds cv. 
by generally known methods. Alternatively, hydrogenation of 
civ, for example using Pd/C as catalyst in a suitable solvent, 
Such as ethanol can afford compounds cvi that can be further 
transformed to cvii by generally known methods. 
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Schemes 37-45 describe the procedures for the synthesis of 
building blocks for Hy. 

Scheme 37: General method for the synthesis of imidazo[1,2-apyridine 40 
building blocks. 
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Scheme 37 above shows a general method for the synthesis 60 
of midazo 1,2-alpyridines cviii. As shown in Scheme 37, 
2-aminopyridines cvii are condensed with C.-halogenated 
beta-ketoesters in a suitable solvent, for example ethanol at 
elevated temperature to afford intermediate esters, that are 
hydrolyzed using standard conditions, such as aqueous 
sodium hydroxide in THF followed by acidic workup to give 
acids cviii. 
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Scheme 38: General method for the synthesis of imidazo[1,2-bipyridazine 
building blocks 

O O 

Scheme 38 above shows a general method for the synthesis 
of imidazo 1.2-bipyridazines cx. As shown in Scheme 38, 
2-aminopyridazines cix are condensed with C.-halogenated 
beta-ketoesters in a suitable solvent, for example ethanol at 
elevated temperature to afford intermediate esters, that are 
hydrolyzed using standard conditions, such as aqueous 
sodium hydroxide in THF followed by acidic workup to give 
acids cx (Method CG). 

Scheme 39: General method for the synthesis of imidazo[2,1-b1,3 
thiazole building blocks 
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Scheme 39 above shows a general method for the synthesis 
of imidazo[2.1-b1,3thiazoles cxii. 
As shown in Scheme 39, 2-aminothiazoles cxi are condensed 
with C.-halogenated B-ketoesters in a Suitable solvent, for 
example ethanol at elevated temperature to afford intermedi 
ate esters, that are hydrolyzed using standard conditions, such 
as aqueous sodium hydroxide in THF followed by acidic 
workup to give acids cxii. 
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Scheme 40: General method for the synthesis of pyrazolo.1,5-apyridine 
building blocks 
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Scheme 40 above shows a general method for the synthesis 
of pyrazolo 1.5-alpyridines cxv. As shown in Scheme 40, 
pyridines cxiii are N-aminated with a suitable agent, Such as 
O-(mesitylsulfonyl)hydroxylamine using appropriate condi 
tions, for example toluene or ethyl acetate as solvent. Result 
ing N-aminopyridinium salts cxiv are then condensed with 
alkynylcarboxylic acid esters with a suitable base, such as 
potassium carbonate in a suitable solvent, for example DMF 
to afford intermediate esters, that are hydrolyzed using stan 
dard conditions, such as aqueous sodium hydroxide in THF 
followed by acidic workup to give acids cxv. 

Scheme 41: General method for the synthesis of pyrazolo.5,1-b1,3 
thiazole building blocks 
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Scheme 41 above shows a general method for the synthesis 
of pyrazolo 5,1-b1,3thiazoles cxix. 
As shown in Scheme 41, 2-methylthiazoles cxvi are N-ami 
nated with a suitable agent, such as O-(mesitylsulfonyl)hy 
droxylamine using appropriate conditions, for example tolu 
ene or ethyl acetate as solvent. Resulting N-aminothiazolium 
salts cxvii are then condensed with acetic anhydride and 
potassium acetate at elevated temperature to afford methyl 
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70 
ketone intermediate cxviii, which can be converted to car 
boxylic acid cxix moiety by well known functional transfor 
mation of methyl keton to carboxylic acid. 

Scheme 42: Alternative method for the synthesis of pyrazolo.5,1-b1,3 
thiazole derivatives 
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Scheme 42 above shows an alternative method for the 
synthesis of pyrazolopyridines cxxi. As shown in Scheme 42, 
halides Xcii are treated with alkynyl Stannanes in the presence 
ofa suitable catalysts, such as Pd(PPh), CuI, with LiClin an 
appropriate solvent, like dioxane at elevated temperature to 
give alkynes of formula cxx (Method A). Alkynes cxx are 
then coupled with N-aminopyridinium salts with a base, like 
potassium carbonate in a suitable solvent, for example DMF 
to afford compounds of formula CXXi. 

Scheme 43: Alternative method for the synthesis of imidazo[1,2-apyridine 
building blocks. 

cxxiii 

  



US 9,062,038 B2 
71 

-continued 
N NH2 
n 

O wk || 
G A 2 

R" f' \ 
O Q 

X 

cxxiv. 

WR 

R" G 

Scheme 43 above shows an alternative method for the 
synthesis of imidazolopyridines cxxv. As shown in Scheme 
43, 2-methylthiazoles cxxii are deprotonated with a suitable 
reagent, Such as n-Bulli and Subsequently treated with Wein 
reb amides in a suitable solvent, such as THF to give ketones 
cXXiii (Method L). Halogenation of ketones is achieved using 
standard conditions, for example NBS in DCM and the result 
ing haloketones cxxiv are then treated with aminopyridines in 
a suitable solvent, for example ethanol at elevated tempera 
ture to give compounds of formula CXXV. 

Scheme 44: General method for the synthesis of bicyclic lactam building 
blocks 
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Scheme 44 above shows a general method for the synthesis 
of bicyclic lactam building blocks cxxxi and CXXXii. As shown 
in Scheme 44, substituted 2-chloro-4-fluoropyridines can be 
amidated, for example with BocNH, Pd dba and a suitable 
ligand, such as X-Phos in the presence of a base, for example 
cesium carbonate in an appropriate solvent, like dioxane to 
afford Boc-protected 2-aminopyridines cxxvii (Method H). 
Compounds cxxvii can be deprotonated, for example using 
n-BuLi/TMEDA in THF at low temperature and then 
quenched with a molecule of halogen, such as iodine in THF 
to give halogenated compounds cxxviii. Compounds cxxviii 
can be coupled with diethoxypropene using a suitable Pd 
catalyst, such as Di-mu-chlorobis 5-hydroxy-2-1-(hydroxy 
imino-kappaN)ethylphenyl-kappaCpalladium(II) dimer 
with an appropriate base, like N,N-diisopropylethylamine in 
a suitable solvent, for example DMF-water mixture (Method 
M) to afford lactams of formula cxxix. Transformation of 
fluoro cxxix into hydroxyl analogs cxXX can be carried out 
using a standard procedure, for example treatment with ben 
Zyl alcohol in the presence of a base. Such as Sodium hydride 
at elevated temperature and Subsequent debenzylation, Such 
as using hydrogenation with Pd/C catalyst in a Suitable sol 
vent, such as ethanol. Triflates cxxxican be formed by treat 
ment of cxxx with a suitable reagent, for example triflic 
anhydride using appropriate conditions, such as pyridine as a 
base in DCM. Triflates cxxxi can be transformed into stan 
names cxxxii using a suitable method. Such as heating with 
hexamethyldistannane, Pd(PPh) in a suitable solvent, like 
THF. Stannanes cxxxii can be then coupled with furane/ 
oxazole halides xcii, which can be prepared by the procedures 
described in this document using standard Stille conditions 
(Method A). 

Scheme 45: Alternative method for the synthesis of bicyclic lactam 
building blocks 
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Scheme 45 above shows an alternative method for the 
synthesis of bicyclic lactam building blocks cxxxvii. As 
shown in Scheme 45, compounds cxxxiii can be deprotonated 
with a suitable reagent, such as n-Bulli in THF at low tem 
perature and then treated with DMF to produce carbalde 
hydes cxxxiv. Aldehyde group in cxxxiv can be then treated 
with enolate generated from t-Butylacetate and LDA in a 
suitable solvent, such as THF at low temperature to form 
intermediate B-hydroxyesters cxxxv that can be cyclized to 
lactams cxxxvi using an acid. Such as HCl in water at elevated 
temperature. Halides cxxxvi can be transformed to stannanes 
cXXXVi, for example using hexamethyldistannane, Pd(PPh3) 
in a suitable solvent, like THF. Stannanes cxxxv can be then 
coupled with thiophene/thiazole halides xcii, which can be 
prepared by the procedures described in this document using 
standard Stille conditions to afford compounds cxxxvii 
(Method A). 

EXAMPLES 

Table 1 below depicts certain compounds represented by 
compounds of general formula IA and IB. 
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C 

Definitions 
AcOHacetic acid 
ACN acetonitrile 
ATPadenosine triphosphate 
br broad 
BCA bicinchoninic acid 
BSA bovine serum albumin 
BOC tert-butoxycarbonyl 
BuLibutyllithium 
m-CPBA m-chloroperbenzoic acid 
d doublet 
did doublet of doublets 
DCE dichloroethane 
DCM dichloromethane 
DDQ 2.3-dichloro-5,6-dicyano-1,4-benzoquinone 
DIPEA diisopropylethyl amine 
DMAP N,N-dimethylaminopyridine 
DME 1,2-Dimethoxyethane 
DMEMDulbecco's Modified Eagle's Medium 
DMF N,N-dimethylformamide 
DMF-DMA N,N-dimethylformamide dimethyl acetal 
DMSO dimethylsulfoxide 
DPPA diphenylphosphoryl azide 
DTT dithiothreitol 
dppf diphenylphosphinoferrocene 
EDCI N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide 

hydrochloride 
EDTA ethylenediaminetetraacetic acid 
EtOAc ethyl acetate 
EtOH ethanol 
FA formic acid 
FBS fetal bovine serum 
J coupling constant 
h hours 
HZ: hertz 
HATU N.N.N',N'-tetramethyl-O-(7-azabenzotriazole-1- 

yl)uronium hexafluorophosphate 
HBTU o-benzotriazol-1-yl-N,N,N',N'-tetramethyluro 
nium hexafluorophosphate 

HEPES N-(2-Hydroxyethyl)piperazine-N'-(2-ethane 
Sulfonic acid) 

HOBT 1-hydroxybenztriazole hydrate 
HRMS high resolution mass spectrum 
LAH lithium aluminum hydride 
LCMS liquid chromatography mass spectrum 
LDA lithium diisopropylamide 
LiHMDS Lithium bis(trimethylsilyl)amide 
m multiplet 
m/Z mass to charge 
Me methyl 
MeOH methanol 
min minutes 
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MS mass spectrum 
MTT methylthiazoletetrazolium 
MWI microwave irradiation 

NBS N-bromosuccinimide 

PBS phosphate buffered saline 
PKA cAMP-dependent protein kinase 
rt room temperature 
S singlet 
t triplet 
TEA triethylamine 
TFA: trifluoroacetic acid 

TFFA trifluoroacetic anhydride 
THF tetrahydrofuran 
TMB 3.3',5,5'-Tetramethylbenzidine 
TMEDA Tetramethylethylenediamine 
q quartet 
WST (4-3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetra 
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Zolio-1,3-benzene disulfonate sodium salt) 

Example 1 

Synthesis of 5-(4-chlorobenzyl)-2-pyridin-4-yl-1,3- 
Oxazole-4-carboxamide (Compound 1) and 4-5-(4- 
chlorobenzyl)-4-(4H-1,2,4-triazol-3-yl)-1,3-oxazol 

2-ylpyridine (Compound 2) 

C 
n-BuLi/THF 

Nt -es 
-78° C. 

O O 
N1 Cl 

O 

O 

/S 
N 

{ \ LHMDSI2;THF 
-e- 

O 39% 

C 

/N l 
N N n 

-k \ N I O 2 
Pd(PPh3)4/LiCl/CuI 

1,4-dioxane 
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-continued 
O 

s N 

O- \ NaOHITHF/H2O N O 

C 
O 

OH 
N 

N f \ NHH2O/EDCI 
| AHOBtDCM 
N O 

le 

C 

1. DMFDMA 
2. Hydrazine/HOAc 
-e- 

Step 1. Ethyl 5-(4-chlorobenzyl)-1,3-oxazole-4-carboxy 
late 
To a solution of Ethyl isocyanoacetate (1.00 mL, 9.15 

mmol) in Tetrahydrofuran (43 mL) at -78°C. was added 2.5 
Mn-Butyllithium (9.15 mmol, 9.15 mmol) in hexanes under 
argon. The mixture was stirred for 20 min. 4-Chloropheny 
lacetyl chloride (0.753 g, 3.98 mmol) in Tetrahydrofuran (11 
mL, 130 mmol) was added at the same temperature. After 1 h, 
the temperature was raised to rt and then quenched by acetic 
acid (0.38 g. 6.3 mmol). The mixture was washed with satu 
rated Sodium bicarbonate and brine. The organic layer was 
collected and dried over sodium sulfate. After evaporation, 
the mixture was purified by chromatography to afford ethyl 
5-(4-chlorobenzyl)-1,3-oxazole-4-carboxylate (0.83 g, 
78%). LCMS: (FA) ES+ 266.3. 

Step 2. Ethyl 5-(4-chlorobenzyl)-2-iodo-1,3-oxazole-4- 
carboxylate 
To a solution of Ethyl 5-(4-chlorobenzyl)-1,3-oxazole-4- 

carboxylate (0.447g, 1.68 mmol) in Tetrahydrofuran (13.64 
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mL) was added 1M Lithium bis(trimethylsilyl)amide (1.851 
mmol. 1.851 mmol) in hexanes slowly at -78°C. under argon. 
The mixture was stirred at the same temperature for 30 min 
and iodine (0.546g, 2.15 mmol) was added. The mixture was 
stirred at -78°C. for 30 min and then raised tort. The mixture 
was quenched by sodium bisulfite solution and the organic 
layer was collected, dried and evaporated to afford a residue. 
Purified by chromatography Ethyl 5-(4-chlorobenzyl)-2- 
iodo-1,3-oxazole-4-carboxylate (0.26g, 40%). LCMS: (FA) 
ES: 392.0 

Step 3. Ethyl 5-(4-chlorobenzyl)-2-pyridin-4-yl-1,3-ox 
azole-4-carboxylate 
A mixture of Ethyl 5-(4-chlorobenzyl)-2-iodo-1,3-ox 

azole-4-carboxylate (261 mg 0.666 mmol), Tetrakis(triph 
enylphosphine)palladium(0) (38.5 mg 0.0333 mmol), Cop 
per(I) iodide (38.1 mg 0.200 mmol) and Lithium chloride 
(84.8 mg, 2.00 mmol) under atmosphere of argon was dis 
solved in 1,4-Dioxane (18 mL) and Trimethyl(4-pyridyl)tin 
(207 ul, 1.20 mmol) was added. The mixture was heated at 
100° C. for 2 h. The mixture was evaporated and the residue 
was purified by chromatography to afford Ethyl 5-(4-chlo 
robenzyl)-2-pyridin-4-yl-1,3-oxazole-4-carboxylate (0.133 
g, 58.2%). LCMS (FA) ES+ 343.2, 345.1 

Step 4 and 5. 5-(4-chlorobenzyl)-2-pyridin-4-yl-1,3-ox 
azole-4-carboxamide 
To the mixture of Ethyl 5-(4-chlorobenzyl)-2-pyridin-4-yl 

1.3-oxazole-4-carboxylate (0.167 g., 0.487 mmol) in Tetrahy 
drofuran (10.0 mL) was added 1M Sodium hydroxide (2.92 
mmol. 2.92 mmol) in water. The mixture was stirred at rt 
overnight. The reaction mixture was concentrated and then 
acidified with 1 NHCl to pH3. The precipitate was collected, 
dried and used in the next step directly. LCMS: (FA) ES+: 
3.15.3,317.0 
A mixture of the above acid, N-(3-Dimethylaminopropyl)- 

N'-ethylcarbodiimide hydrochloride (0.187 g. 0.974 mmol) 
and HOBT (0.112 g, 0.731 mmol) and 25% aqueous ammo 
nium hydroxide (0.341 g, 9.74 mmol) in DCM (20 mL) was 
stirred at rt overnight. The mixture was concentrated and the 
residue was extracted with EtOAc. The organic layer was 
washed with water and brine, dried and evaporated to a thick 
oil, which was purified by HPLC to afford 5-(4-chloroben 
Zyl)-2-pyridin-4-yl-1,3-oxazole-4-carboxamide (15 mg. 
10%). LCMS (FA) ES+314.1, 315.9. 

Step 6. 4-5-(4-chlorobenzyl)-4-(4H-1,2,4-triazol-3-yl)-1, 
3-oxazol-2-ylpyridine 
A mixture of 5-(4-chlorobenzyl)-2-pyridin-4-yl-1,3-ox 

azole-4-carboxamide (0.130 g, 0.41 mmol) and 1,1- 
Dimethoxy-N,N-dimethylmethanamine (3.0 mL, 22 mmol) 
in Toluene (25 mL) was heated under argon at 40° C. over 
night. The reaction mixture was then concentrated to an oily 
residue. Acetic acid (20 mL. 350 mmol) and Hydrazine (1.0 
mL, 30 mmol) were added to the flask and the mixture was 
heated 60° C. for another 1 hour. The mixture was concen 
trated and the residue was purified by HPLC to afford 4-5- 
(4-chlorobenzyl)-4-(4H-1,2,4-triazol-3-yl)-1,3-oxazol-2-yl) 
pyridine (7 mg, 5.2%). LCMS (FA) ES+338.0, 339.9. 1H 
NMR (400MHz, MeOD) 8 ppm 8.73-8.64 (m, 2H), 8.49-8.33 
(m. 1H), 8.05-7.97 (m, 1H), 7.89-7.75 (m, 2H), 7.38 (d. 
J=7.16 Hz, 2H), 7.30 (d. J=6.64 Hz, 2H), 4.60 (s. 2H). 
The following analytical methods were used: 
LCMS sectra were run on a Phenominex Luna 5 um C18 

50x4.6 mm column on a Hewlett-Packard HP 1100 using the 
following gradients: 
Method Formic Acid (FA): Acetonitrile containing 0 to 100 

percent 0.1% formic acid in water (2.5 ml/min for a 3 
minute run). 
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Method Ammonium Acetate (AA): Acetonitrile containing 
0 to 100 percent 10 mMammonium acetate in water (2.5 
ml/min for a 3 minute run). 

NMR spectrum is shown by proton NMR, with tetrameth 
ylsilane as the internal standard and using 300 MHz. Bruker 
Avance spectrometer equipped with a 5 mm QNP probe and 
400 MHz Bruker Avance II spectrometer equipped with a 5 
mm QNP probe for the measurement; 8 values are expressed 
in ppm. 

Formulation Example 1 

Amount Per Tablet 

(1) Compound obtained in Example 1 10.0 mg 
(2) Lactose 60.0 mg 
(3) Corn starch 35.0 mg 
(4) Gelatin 3.0 mg 
(5) Magnesium Stearate 2.0 mg 

A mixture of 10.0 mg of the compound obtained in 
Example 1, 60.0 mg of lactose and 35.0 mg of corn starch is 
granulated through a 1 mm-mesh sieve using 0.03 ml of a 
10% by weight aqueous Solution of gelatin (3.0 mg of gela 
tin), after which the granules are dried at 40° C. and filtered 
again. The granules obtained are mixed with 2.0 mg of mag 
nesium Stearate and compressed. The core tablets obtained 
are coated with a Sugar coat comprising a suspension of 
Sucrose, titanium dioxide, talc and gum arabic and polished 
with beeswax to yield sugar-coated tablets. 

Formulation Example 2 

Dose Per Tablet 

(1) Compound obtained in Example 1 10.0 mg 
(2) Lactose 70.0 mg 
(3) Corn starch 50.0 mg 
(4) Soluble starch 7.0 mg 
(5) Magnesium Stearate 3.0 mg 

10.0 mg of the compound obtained in Example 1 and 3.0 
mg of magnesium Stearate are granulated using 0.07 ml of an 
aqueous solution of soluble starch (7.0 mg of soluble starch), 
after which these granules are dried and mixed with 70.0 mg 
of lactose and 50.0 mg of corn starch. This mixture is com 
pressed to yield tablets. 

Biological Data: 
PI3K and VPS34 Enzyme Assays 
Cloning, Expression, and Purification of PI3Ks and VPS34 
The catalytic subunits of PI3Ks are cloned into either 

pDEST8(p110 alpha) or poEST10(p110beta, p110delta, and 
p110gamma) as N-terminal His tagged fusion proteins using 
the Gateway system (Invitrogen, catalogit 11804-010 for 
pDEST8 and 11806-015 for poEST10). The sequences are 
Verified before recombinant protein expression using the 
Baculovirus Expression System with Gateway(R Technology. 
The accession numbers for the subunits are as follows: 
p110 alpha (GB: U79143) 
p110beta (GB: S67334) 
p110delta (GB: U86453) 
p110gamma (GB: X83368) 
The regulatory subunits of PI3Ks are cloned into plEST8 

as un-tagged protein using the Gateway system (Cata 
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logit 11804-010). The sequences are verified before recombi 
nant protein expression using the Baculovirus Expression 
System with Gateway(R) Technology. The accession numbers 
for the subunits are as following: 

p85 alpha (GB: BC030815) 
p101(GB: AB028925) 
VPS34 (accession number GB:BC033004) is cloned into 

pDEST20-Thombin as N-terminal GST tagged fusion pro 
teins using the Gateway system (Invitrogen, catalogil 1804 
013). The sequences are verified before recombinant protein 
expression using the Baculovirus Expression System with 
Gateway(R) Technology. 

For expression of the p110 complexes, the p85 (MOI of 4) 
is co-infected with p110 alpha, beta, and delta respectively 
(1MOI) in SF9 cells and harvested at 60 hours post co-infec 
tion. P110 gamma was infected at 1 MOI and harvested at 60 
hours post infection. 

For purification, PI3Ks are purified by Ni-NTA Agarose 
(Qiagen #30250) followed by Mono Q 10/100 GL (Ge 
Healthcare #17-5167-01). VPS34 is purified by Glutathione 
Sepharose 4 Fast Flow (GE Healthcare #17-5132-03) fol 
lowed by HiTrap Q (GE Healthcare #17-1153-01). 

For expression VPS34 was infected at 1MOI in SF9 cells 
and harvested 72 hours post infection. 

For purification, VPS34 is purified by Glutathione 
Sepharose 4 Fast Flow (GE Healthcare #17-5132-03) fol 
lowed by HiTrap Q (GE Healthcare #17-1153-01). 
PI3K and VPS34 Assay Conditions 
1) Human PI3KO. Enzyme Assay Method 
0.5 uL compounds in DMSO are added to wells of a 384 

well microtitre plate (Corning 3575). At room temperature: 
10 ul PI3K reaction buffer (50 mM Hepes, 5 mM DTT, 150 
mM NaCl, 10 mM beta-glycerophosphate, 10 mM MgCl, 
0.25 mM sodium cholate and 0.001% CHAPS, pH 7.00) 
containing ATP (25 uM, Promega) is added followed imme 
diately by 10 ul PI3K reaction buffer containing di-C8 PI 
(4,5)P2 (3.5 uM, CellSignals) and PI3Kalpha (0.4875 nM, 
Millennium Protein Sciences Group) and the mixture is incu 
bated with shaking at room temperature for 30 minutes. Then 
5 ul PI3K stop mix (50 mM Hepes, 5 mM DTT, 150 mM 
NaCl, 0.01% Tween-20, 15 mM EDTA and 25 nM biotin-PI 
(3,4,5)P3 (Echelon) is added to quench the reaction followed 
immediately by addition of 5ul HTRF detection mix (50 mM 
Hepes, 5 mMDTT, 150 mMNaCl, 0.01% Tween-20, 40 mM 
KF, 10 nM GST:GRP-1 PH domain (Millennium Protein 
Sciences Group), 15 nM Streptavidin-XL (CisBio) and 0.375 
nM anti-GST antibody (CisBio) at pH 7.00). The plates are 
then incubated for 1 hour at room temperature with shaking 
and then read on a BMG PheraStar Plus reader. 

2) Human PI3K beta, delta and gamma isoforms are tested 
using the procedure described for PI3K alpha above but with 
the following changes: PI3Kbeta (5.25 nM), PI3K delta(0.75 
nM) and PI3K gamma (5 nM). All isoforms supplied by 
Millennium Protein Science Group. 

3) VPS34 is assayed using AdaptaTM Universal Kinase 
Assay Kit (Invitrogen). 

4) Human VPS34 Enzyme Assay Method 
100 n compounds in DMSO are added to wells of a 384 

well microtitre plate (Greiner 78.0076). At room temperature: 
5ul VPS34 reaction buffer (Invitrogen Assay Buffer Q (di 
luted 1 in 5 with nanopure water) plus 2 mM DTT and 2 mM 
MnCl2) containing ATP (20 uM, Promega) and 200uMPI-PS 
substrate (Invitrogen PV5122) is added followed immedi 
ately by 5 ul VPS34 reaction buffer (as above) containing 
VPS34 (5 nM, Millennium Protein Sciences Group) and the 
mixture is incubated with shaking at room temperature for 1 
hour. Then 5 ul VPS34 stop-detect mix (as per Invitrogen 
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Adapta Assay kit (PV5009) instructions (contains kinase 
quench buffer, TR-FRET buffer, Adapta Eu anti-ADP anti 
body and Alexa Fluor 647 ADP tracer)) is added to quench the 
reaction. The plates are then incubated for 30 minutes at room 
temperature with shaking and then read on a BMG PheraStar 
Plus reader. 
PI3K Cell Assays 
1) In-Cell Western Assay 
The pSer473 AKT LI-COR In-Cell Western Assay is a 

quantitative immunofluorescent assay that measures phos 
phorylation of serine 473 AKT (pSer473 AKT) in WM266.4 
and SKOV3 tumor cell lines grown in cell culture. 
WM266.4 cells are propagated in Minimum Essential 

Media (MEM) (Invitrogen) containing L-glutamine, 10% 
Fetal Bovine Serum, 1 mM MEMSodium Pyruvate, and 0.1 
mMMEMNon-Essential Amino Acids and SKOV3 cells are 
propagated in McCoy's 5A Media (modified) (Invitrogen) 
containing L-Glutamine and 10% Fetal Bovine Serum. Both 
cell lines are kept in a humidified chamber at 37°C. with 5% 
CO. For the pSer473 AKT LI-COR In-Cell Western Assay, 
1.5x10' WM266.4 and 1.5x10 SKOV3 cells are cultured in 
100 ul of media per well in tissue culture-treated black 
walled, clear bottom Optilux 96-well plates (BD Bio 
sciences) for 16-20 hours. Prior to addition of compounds, 
cell media is removed and replaced with 75ul of fresh media. 
Test compounds in DMSO are diluted 1:100 in media. The 
diluted test compounds are added to the cells (25ul per well) 
in 3-fold dilutions with a final concentration range of 0.0015 
to 10 uM. The cells are incubated for 2 hours in a humidified 
chamber at 37° C. with 5% CO. Immediately following 
compound incubation, all liquid is removed from the wells 
and cells are fixed with 4% paraformaldehyde in PBS (150 ul 
per well) for 20 minutes at room temperature. The paraform 
aldehyde solution is removed from wells and the cells are 
permeabilized with 200 ul O.1%TritonX-100 in PBS per well 
for 10 minx3 at room temperature. After removal of PBS+ 
0.1% TritonX-100, 150 ul Odyssey blocking buffer (LI-COR 
Biosciences) is added to each well and plates are incubated at 
room temperature for 1.5 h. Blocking buffer is removed from 
the wells and primary antibodies (Phospho-AKT (Ser473) 
(D9E) XPTM Rabbit mAb and AKT (pan) (40D4) Mouse 
mAb, Cell Signaling Technology) diluted in Odyssey block 
ing buffer are added (50 ul per well). Plates are incubated at 4 
C. overnight. The cells are washed for 20 minx3 with PBS+ 
0.1% Tween-20 (200 ul per well). Secondary antibodies 
(IRDye 680 Goat anti-Rabbit IgG (H+L) and IRDye 800CW 
Goat anti-Mouse IgG (H+L), LI-COR Biosciences) are 
diluted in Odyssey blocking buffer and added to wells (50 ul 
per well) followed by a 1 h incubation at room temperature, 
protected from light. Cells are washed for 20 minx3 with 
PBS+0.1% Tween-20 (200 ul per well). Wash buffer is com 
pletely removed from wells after last wash, plates are pro 
tected from light until scanned and analyzed with the Odyssey 
Infrared Imaging System (LI-COR Biosciences). Both pS473 
AKT and AKT are simultaneously visualized with the 680 nm 
fluorophore indicated by a red color and the 800 nm fluoro 
phore indicated by a green color. Relative fluorescence units 
derived from the scans allow for quantitative analyses of both 
labeled proteins and the ratio of pS473 AKT to AKT is cal 
culated. Concentration responsecurves are generated by plot 
ting the average ratios of PI3K inhibitor-treated samples rela 
tive to DMSO-treated controls to determine percent change in 
expression of pS473 AKT. 

2) ATPlite Viability Assay 
The ATPLiteTM Assay (Perkin-Elmer) measures cellular 

adenosine-triphosphate (ATP) through the generation of a 
luminescent signal formed from the ATP-dependent enzyme 
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firefly luciferase. The luminescent signal intensity can be 
used as a measure of cellular proliferation, and can be used to 
assess the anti-proliferative effects of PI3K inhibitors. 
WM266.4 cells propagated in Minimum Essential Media 

(MEM) (Invitrogen) containing L-Glutamine, 10% Fetal 
Bovine Serum, 1 mM MEMSodium Pyruvate, and 0.1 mM 
MEM Non-Essential Amino Acids are cultured in 384-well 
tissue culture-treated Black/Clear plates (Falcon) at 1x10 
cells per well in a volume of 75ul in a humidified chamber at 
37°C. with 5% CO, for 24 h. Test compounds (2 ul in 100% 
DMSO) are diluted in 95ul of cell culture media. The diluted 
test compounds are added (8 Jul per well) to 384-well plates. 
Final concentration range of 3-fold serial dilution of com 
pounds is 0.001 to 20 uM. Plates are incubated for 72 h in a 
humidified chamber at 37°C. with 5% CO. One control plate 
without compound addition is processed at the start of the 72 
h incubation as a “Time Zero' reading for quantitative evalu 
ation of cell viability at start of assay. After 72 h, all but 25ul 
of cell culture media is removed from each well, followed by 
the addition of 25ul of ATPlite 1 step reagent (PerkinElmer) 
to each well. Luminescence is measured on a LEADSeeker 
Luminescence Counter (GE Healthcare Life Sciences). Con 
centration response curves are generated by calculating the 
luminescence decrease in test compound-treated Samples 
relative to DMSO-treated controls, and growth inhibition 
(ICs) values are determined from the curves. 
Vps34 Cell Assays 
1) FYVE Domain Redistribution Assay 
The FYVE domain redistribution assay monitors translo 

cation of EGFP-2XFYVE from its initial location bound to 
(PtdIns(3)P) in early endosomes to the cytoplasm in response 
to test compounds. Recombinant U2OS cells stable express 
ing the FYVE finger from the human homologue of the hepa 
tocyte growth factor-regulated tyrosine kinase Substrate Hrs., 
duplicated intanden (GenBank Acc. NM 004712) and fused 
to the C-terminus of enhanced green fluorescent protein 
(EGFP). U2OS cells are adherent epithelial cells derived 
from human osteosarcoma. Expression of EGFP-2X-FYVE 
is controlled by a standard CMV promoter and continous 
expression is maintained by addition of geneticin to the cul 
ture medium. Localization of the fusion protein within the 
cells is imaged on the Evotec Technologies OPERA Confocal 
Imager and Integrated Spot Signal Per Cellular Signal is 
quantified using Acapella Software. Using this information, 
ICso values for inhibitors can be determined 
U2OS EGFP-2xFYVE cells are propagated in Dulbecco's 

Modified Eagle Media High glucose (D-MEM) (Invitrogen 
cat. 11995) containing 10% Fetal Bovine Serum (HyClone 
cat. SH30071.02) and 0.5 mg/ml Geneticin (Invitrogen) and 
kept in a humidified chamber at 37° C. with 5% CO. 8x10 
cells are cultured in 100 ul of media per well in tissue culture 
treated black-walled, clear bottom Optilux 96-well plates 
(BD Biosciences) for 16-24 hours. 

Prior to addition of compounds, cell media is removed and 
replaced with 75ul of fresh media. Test compounds in DMSO 
are diluted 1:100 in media. The diluted test compounds are 
added to the cells (25 ul per well) in 3-fold dilutions with a 
final concentration range of 0.0015 to 10 M. The cells are 
incubated for 30 minutes in a humidified chamber at 37° C. 
with 5% CO. Immediately following compound incubation, 
all liquid is removed from the wells and cells are fixed with 
4% paraformaldehyde in PBS (75ul per well) for 15 minutes 
at room temperature. The paraformaldehyde Solution is 
removed from wells and washed once with PBS (100 ul per 
well). The PBS is removed and cells are incubated with 
DRAQ5 Nucleur Dye (Alexis/Biostatus) (85ul per well). The 
plates are covered with Flash Plate plastic adhesive foil and 
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imaged on the Evotec Technologies OPERA Confocal 
Imager Opera after at least a 30 minute incubation. Concen 
tration curves are generated by calculating the Integrated Spot 
Intensity Per Cellular Signal decrease in test-compound 
treated samples relative to DMSO-treated controls and a 
100% control inhibitor. 
As detailed above, compounds of the invention inhibit 

PI3K. In certain embodiments, compounds inhibit one or 
more isoforms of PI3K. In other embodiments, compounds of 
the invention inhibit PI3Kalpha and have an IC50>1.0 uM. 
For example, these compounds include 1, 2. In still other 
embodiments, compounds of the invention inhibit PI3K beta 
and have an IC50<1.0 LM but >0.1 uM. For example, these 
compounds include compounds 1, 2. 

While we have described a number of embodiments of this 
invention, it is apparent that our basic examples may be 
altered to provide other embodiments, which utilize the com 
pounds and methods of this invention. Therefore, it will be 
appreciated that the scope of this invention is to be defined by 
the appended claims rather than by the specific embodiments, 
which have been represented by way of example. 

The invention claimed is: 
1. A compound of formula IB: 

IB 

wherein: 
R" is CY, C(O)N(R), C(O)OR, C(O)(NH)OH, 

C(=NH)NHOH, -C(O)NRN(R), C(=N- 
NH)NH –C(=N)N(R), wherein: 
CY is 

X 

O's / 
GF-X 

wherein: 
G is N=, =N , or N(R), wherein: 
each occurrence of R and R is independently hydro 

gen or an optionally substituted C- aliphatic, 
wherein: 

X, X, and X, are each independently N. NRO, S, or 
CR, provided that only one of X, X, or X may be 
O, S, or NR; 
each occurrence of R is independently hydrogen, 
—CN, halogen, -Z R', or an optionally substi 
tuted group selected from Caliphatic, or 3-10 
membered cycloaliphatic, wherein: 

Z is selected from an optionally substituted C 
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OC(O)N(R') , N(R)C(O)NR' , 
N(R)S(O)N(R)-, or OC(O)–: 

R" is hydrogen or an optionally substituted Cali 
phatic, and 

R is hydrogen or an optionally substituted group 
Selected from Caliphatic, 

independently selected from nitrogen, oxygen, or 

T is an optionally Substituted C-C alkylene chain 
wherein the alkylene chain optionally is interrupted 

3-10-membered cycloaliphatic, 4-10-membered hetero- by N(R') , O—, S—, S(O) , 
cyclyl having 1-5 heteroatoms independently selected S(O), s C(O) is C(O)O , CON 
from nitrogen, oxygen, or Sulfur, 6-10-membered (R his —S(O)N(R 2s. –OC(Q)NR )—, 

N(R')C(O) , N(R')SO N(R')C(O) aryl, or 5-10-membered heteroaryl having 1-5 het- 10 3. 2 3. O. , N(R')C(O)N(R') , N(R')S(O)N eroatoms independently selected from nitrogen, oxy- (R') , OC(O)—, or - C(O)N(R') O– or 
gen, Or sulfur, 3' 4 wherein T or a portion thereof optionally forms part 
or wherein two adjacent OCCUCCS of R or R", of an optionally substituted 3-7 membered 

taken together with the atom to which they are cycloaliphatic or heterocyclyl ring, wherein R' is 
bound, form an optionally substituted fused group 15 hydrogen or an optionally substituted Caliphatic 
selected from 5-6-membered aryl, or 5-6-mem- group; 
bered heteroaryl having 1-5 heteroatoms indepen- n is 0 to 4: 
dently selected from nitrogen, oxygen, or Sulfur, W is selected from —C(R), , —C(=C(R).) , 

Ring A is a group selected from 3-10-membered —C(R)-O , C(R7)NR' , —O—, 
cycloaliphatic, 4-10-membered heterocyclyl having 20 N(R7) , S—, S(O) , S(O) , 
1-5 heteroatoms independently selected from nitro- C(O) C(O)NR7 , or N(R7)C(O) , 
gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10- wherein: 
membered heteroaryl having 1-5 heteroatoms inde- each occurrence of R is independently hydrogen, or 
pendently selected from nitrogen, oxygen, or Sulfur, an optionally Substituted group selected from C. 

each occurrence of R is independently R', -T- 25 aliphatic, 6-10-membered aryl, 5-10-membered 
R'', or V-T-R'', and: heteroaryl having 1-5 heteroatoms independently 

each occurrence of R' is independently halogen, Selected from nitrogen, oxygen, or Sulfur, 
CN, NO, R2, N(R'2), OR2, N(R7), OR7, SR7, halo, or CN: 
SR'2, S(O).R2, C(O)R'2, C(O)OR'?, each occurrence of R' is independently hydrogen or 

-C(O)N(R'), S(O)N(R'), OC(O)N 30 optionally substituted Caliphatic; 
(R'2), N(R'2)C(O)R'2, N(R'2)SOR2, each occurrence of R' is independently hydrogen, 
N(R')C(O)OR, N(R')C(O)N(R') or optionally substituted Caliphatic, -C(O)R’", 
N(R')SON(R'), or two occurrences of R'', or -S(O).R'"; or 

taken together with a nitrogenatom to which they are wherein any two occurrences of R". R', or R' taken 
bound, form an optionally substituted 4-7-membered 35 together with the atom to which they are bound, 
heterocyclyl ring having 0-1 additional heteroatoms form an optionally substituted group selected from 
selected from nitrogen, oxygen, or Sulfur, a 3-6-membered cycloaliphatic ring, 6-10-mem 
each occurrence of R'' is independently hydrogen or bered aryl, 3-6-membered heterocyclyl having 1-5 

an optionally Substituted group selected from heteroatoms independently selected from nitrogen, 
C-C aliphatic, 3-10-membered cycloaliphatic, 40 oxygen, or sulfur, or 5-10-membered heteroaryl 
4-10-membered heterocyclyl having 1-5 heteroat- having 1-5 heteroatoms independently selected 
oms independently selected from nitrogen, oxy- from nitrogen, oxygen, or Sulfur, 
gen, or sulfur, 6-10-membered aryl, or 5-10-mem- or wherein any two occurrences of R" and R, or R' 
bered heteroaryl having 1-5 heteroatoms and R taken together with the nitrogen atom to 
independently selected from nitrogen, oxygen, or 45 which they are bound, form an optionally substi 
Sulfur, tuted group selected from 3-6-membered heterocy 

each occurrence of R'' is independently an option- clyl having 1-5 heteroatoms independently 
ally Substituted group selected from C-C ali- Selected from nitrogen, oxygen, or Sulfur, or 5-10 
phatic, 3-10-membered cycloaliphatic, 4-10-mem- membered heteroaryl having 1-5 heteroatoms inde 
bered heterocyclyl having 1-5 heteroatoms 50 pendently selected from nitrogen, oxygen, or Sul 

fur, 
sulfur, 6-10-membered aryl, or 5-10-membered G is Nor-CR, wherein R is H, -CN, halogen, -Z-R, 
heteroaryl having 1-5 heteroatoms independently C- aliphatic, or 3-10-membered cycloaliphatic, 
Selected from nitrogen, oxygen, or Sulfur, wherein: 

each occurrence of R'' is independently hydrogen or 55 Z is selected from an optionally Substituted C- alky 
an optionally substituted from 3-10-membered lene chain, O—, N(R)— —S , S(O) , 
cycloaliphatic, 4-10-membered heterocyclyl hav 
ing 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, 
or 5-10-membered heteroaryl having 1-5 heteroat- 60 N(R)C(O)NR' N(R)S(O)N(R) , or 
oms independently selected from nitrogen, oxy- –OC(O)–: 
gen, or Sulfur, R" is hydrogen or an optionally substituted Cali 

each occurrence of R' is independently hydrogen or phatic, and 
an optionally Substituted Caliphatic group; R is hydrogen or an optionally substituted group 

each occurrence of V is independently —N(R') , 65 selected from C- aliphatic, 3-10-membered 
cycloaliphatic, 4-10-membered heterocyclyl having 
1-5 heteroatoms independently selected from nitro 
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gen, oxygen, or Sulfur, 6-10-membered aryl, or 5-10 
membered heteroaryl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, 
and 

HY is 

Ne: 
R10 

wherein each occurrence of Xs, X and X, is —CR': 
wherein R' is R'', V R',-T-R'', or V-T- 
R' wherein: 

—SO , or -SO2NR'' : 
each occurrence of R" is independently hydrogen or 

an optionally substituted group selected from C. 
aliphatic, 3-10-membered cycloaliphatic, 4-10 
membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered 
heteroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 

T is an optionally Substituted C-Calkylene chain 
wherein the alkylene chain optionally is interrupted 

(O)N(R') OC(O) , or C(O)N(R') 
O— or wherein T forms part of an optionally 
substituted 3-7 membered cycloaliphatic or hetero 
cyclyl ring; 

each occurrence of R' is independently hydrogen, 
halogen, CN, NO, N(R') —OR', 
SR', S(O).R, C(O)R', C(O) 

OR', C(O)N(R'), S(O)N(R'), OC 
(O)N(R') N(R')C(O)R'0, N(R') 
SOR, N(R')C(O)OR, N(R')C(O)N 
(R'), or - N(R')SON(R''), or an optionally 
Substituted group selected from Caliphatic, 
3-10-membered cycloaliphatic, 4-10-membered 
heterocyclyl having 1-5 heteroatoms indepen 
dently selected from nitrogen, oxygen, or Sulfur, 
6-10-membered aryl, or 5-10-membered het 
eroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen or 
an optionally substituted group selected from C. 
aliphatic, 3-10-membered cycloaliphatic, 4-10 
membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or 
sulfur, 6-10-membered aryl, or 5-10-membered 
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heteroaryl having 1-5 heteroatoms independently 
Selected from nitrogen, oxygen, or Sulfur, or 

R'' and R' taken together with a nitrogen atom to 
which they are bound form an optionally substituted 
4-7-membered heterocyclyl ring having 0-1 addi 
tional heteroatoms independently selected from nitro 
gen, oxygen, or Sulfur, 

each occurrence of R' is independently hydrogen, C(O) 
R 1a, COR' 1a, C(O)N(R' '), C(O)N(R' la) 
OR'', -SOR'', -SON(R'), or an optionally 
Substituted group selected from Caliphatic, 3-10 
membered cycloaliphatic, 4-10-membered heterocyclyl 
having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, 6-10-membered aryl, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
wherein each occurrence of R'' is independently 

hydrogen or an optionally Substituted group selected 
from Caliphatic, 3-10-membered cycloaliphatic, 
4-10-membered heterocyclyl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sul 
fur, 6-10-membered aryl, or 5-10-membered het 
eroaryl having 1-5 heteroatoms independently 
selected from nitrogen, oxygen, or Sulfur. 

2. The compound of claim 1, wherein each occurrence of 
R' is independently selected from –CN, OR', 
- N(R'), halogen, Calkyl, - N(R')COR'', or wherein 
two occurrences of R', taken together with the atoms to 
which they are bound form an optionally Substituted group 
selected from a fused 5- or 6-membered cycloaliphatic, 4-10 
membered heterocyclyl, 6-10-membered aryl or 5-10-mem 
bered heteroaryl ring, wherein the heterocyclyl and het 
eroaryl rings have 1-3 heteroatoms independently selected 
from nitrogen, oxygen, or Sulfur. 

3. The compound of claim 1, wherein R' is CY, and CY is 

4. The compound of claim 3, wherein X is N, G is 
- N(R) , and X and X are CH. 

5. The compound of claim3, wherein X and X are N, G, 
is N(R)—, and X is CH. 

6. The compound of claim 3, wherein X is N, G is 
N(R)—, and X and X are CH. 
7. The compound of claim3, wherein X is N, X is CH, X 

is N(R)—and G is =N-. 
8. The compound of claim 1, wherein Ring A is an option 

ally substituted 6-10-membered aryl or 5-10-membered het 
eroaryl having 1-5 heteroatoms independently selected from 
nitrogen, oxygen, or Sulfur, and n is 0 to 3. 

9. The compound of claim 8, wherein Ring A is a phenyl 
group optionally Substituted with 1-3 independent occur 
rences of halogen, C alkyl, —CN, Chaloalkyl, —OC 
alkyl, —OC haloalkyl, - NHC(O)C alkyl, - NHC(O) 
NHC alkyl, NHS(O)C alkyl, or—C(O)H; and n is 0 to 
3. 

10. The compound of claim 9, wherein Ring A is a phenyl 
group, R is halogen and n is 1 to 2. 

11. The compound of claim 1, wherein W is C(R) , 
wherein one occurrence of R is hydrogen and the other 
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occurrence of R is selected from hydrogen, optionally sub 
stituted Caliphatic, N(R') —OR', SR', halo, or 
—CN; and 

wherein each occurrence of R" is independently hydrogen 
or optionally substituted Caliphatic; 

each occurrence of R' is independently hydrogen, option 
ally substituted Caliphatic, -C(O)R", or S(O), 
R7; or 

wherein any two occurrences of R". R', or R' taken 
together with the atom to which they are bound, forman 
optionally substituted group selected from a 3-6-mem 
bered cycloaliphatic ring, 6-10-membered aryl, 3-6- 
membered heterocyclyl having 1-5 heteroatoms inde 
pendently selected from nitrogen, oxygen, or Sulfur, or 
5-10-membered heteroaryl having 1-5 heteroatoms 
independently selected from nitrogen, oxygen, or Sulfur, 
O 
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any two occurrences of R" and R, or R'' and R taken 

together with the nitrogen atom to which they are 
bound, form an optionally Substituted group selected 
from 3-6-membered heterocyclyl having 1-5 heteroa 
toms independently selected from nitrogen, oxygen, 
or sulfur, or 5-10-membered heteroaryl having 1-5 
heteroatoms independently selected from nitrogen, 
oxygen, or Sulfur. 

12. The compound of claim 1, wherein W is —C(H)(N 
(R'))—, —CH2—, C(H)(OR7)—, NR' , or 
- N(R')C(O)—, wherein each occurrence of R" is inde 
pendently hydrogen or optionally Substituted Caliphatic; 
and each occurrence of R' is independently hydrogen or 
optionally substituted Caliphatic. 

13. A composition comprising a compound of claim 1, and 
a pharmaceutically acceptable carrier. 

k k k k k 


